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For the 35th anniversary issue of Carolina Planning, 
we have selected a timely topic: “urban greening” – or 
the promotion of environmental sustainability through 
urban design.  While the real estate development world 
has been abuzz about “green building” for decades, we 
have noticed a different trend in recent years: a renewed 
focus on the space in between the buildings.  
For instance, the U.S. Green Building Council in 2007 
introduced its Leadership in Energy and Environmental 
Design (LEED) rating system for Neighborhood 
Development, which awards points for brownfield 
redevelopment, wetland conservation, habitat restoration, 
connectivity, tree-shaded streets, local food production, 
and other environmental considerations in new real estate 
developments.  Moreover, several recent sessions at both 
the national and North Carolina chapter conferences of 
the American Planning Association spotlighted urban 
greening practices.
To provide inspiration and how-to examples for 
green urban design projects in North Carolina, we have 
assembled a collection of articles written by professional 
and academic planning experts.  Christopher De Sousa 
of the University of Wisconsin-Milwaukee introduces the 
importance of urban greening and the value to cities of 
adapting brownfields into parks.  Planners from the Chapel 
Hill, N.C. office of Clarion Associates then describe 
the legal and regulatory challenges of implementing 
tree protection ordinances.  Next, Robert Bush, AICP, 
summarizes the process of measuring greenway usage in 
Cary, N.C., outlining key steps that other communities 
may wish to follow.
Each year, Carolina Planning features the work of 
several members of the North Carolina chapter of the 
American Planning Association.  In this current issue, we 
recognize four communities that successfully integrated 
water resource management into urban sustainability 
efforts.  Karen Cragnolin (Asheville) introduces the 
article with her thoughts on the pressing need for water 
conservation and management in our state.  Susan Moffat 
Thomas (New Bern) describes the connections between 
riverwalks and downtown redevelopment in coastal cities. 
James Gordon and Will Wilhelm (Mecklenburg County) 
convey how stream restoration supports Huntersville’s 
greening efforts.  James Brantley (Raleigh) wraps up by 
highlighting the historical, cultural and environmental 
significance of Raleigh’s Walnut Creek Wetland Center.
Next, Robin Moore, Professor of Landscape 
Architecture at N.C. State University, discusses the 
significant role that urban design plays in childhood 
development.  And finally, an excerpt from an interview 
with Tom Murphy, former mayor of Pittsburgh and a 
current fellow at the Urban Land Institute, concludes our 
feature articles.
We also publish excerpts from the Best Master’s 
Project of 2009, continuing our long-standing tradition of 
recognizing exceptional graduate student work.  This year’s 
paper, by Jun Huh, analyzes the potential environmental 
effects of the Songpa new town development in South 
Korea.
Finally, current master’s degree students in the UNC-
Chapel Hill Department of City and Regional Planning 
report back on hot topics from the past year, with a round-
up of campus and Research Triangle-area events and 
reviews of the latest planning literature.
We hope that you will enjoy this issue of Carolina 
Planning.  As we embark on our 36th year of integrating 
planning theory and practice, we thank you for your 
enthusiastic readership and continued support.
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It’s Saturday morning.  I wake up briskly, hop 
on the bed and look out the window.  The fifth 
floor offers a great view of the green space 
outside.  There is nobody in the playground, 
lawn, or soccer fields yet.  There is movement in 
the Pit, a thickly wooded area surrounding the 
creek.  There are always kids in the Pit.  Maybe 
they’re catching snakes, setting booby traps, 
jumping ramps, or raiding our fort....  Hmmm, 
better get my boots on.    
 While the thought of green space called me to play 
as a child, it was the dilapidated stockyards and industrial 
buildings on my drive to school through the Weston Road 
and Junction industrial districts of Toronto that motivated 
my interest in brownfields.  These decaying remnants of 
our industrial past were curiously majestic.  No people, 
just large brick buildings trying to survive the elements and 
creeping foliage.  Indeed, it seems that even Mother Nature 
favors greening as a reuse for these sites.
 The list of socio-economic and environmental ills 
associated with brownfields is often long, but the list of 
benefits associated with green space is even greater.  It is no 
wonder then that government officials, community activists, 
and even business leaders are increasingly contemplating 
the role that greening can play in redeveloping urban 
brownfields, enhancing their attractiveness for business 
and housing, and improving human and ecological health 
(ICMA, 2002).  I begin this article with a look at the 
evolution of urban greening and the benefits associated 
with it.  I then examine efforts to turn brownfields green, in 
terms of project types, planning, stakeholder involvement, 
and outcomes.  I end with some key lessons from the field 
that can help planners realize a greener future for our 
nation’s brownfields (De Sousa, 2008).
The Urban Green (R)evolution
 Urban greening is understood generally to mean 
From Brown Liability to Green Opportunity: 
Reinventing Urban Landscapes
Christopher De Sousa
Whether they are growing, shrinking, or just standing their ground, cities throughout the United States are 
looking for ways to reinvent and reinvigorate their urban landscapes.  More and more, planners are employing 
urban greening strategies as tools to enhance the quality of life and create more sustainable metropolitan 
environments.  This is especially true in places that have suffered the consequences of deindustrialization 
and economic decline over the past 50 years.  This paper begins by briefly discussing the evolution of urban 
greening and the vast array of associated benefits.  It then examines expanding efforts to use brownfield sites 
as opportunity spaces for greening, focusing on project types, planning activities, stakeholder involvement, 
and redevelopment outcomes.  The paper ends with some key lessons from the field that can help planning 
professionals realize a greener future for our nation’s cities.
Christopher De Sousa was born in Laramie, Wyoming and 
grew up in Toronto, Ontario.  He is an Associate Professor of 
Urban Planning and Geography at the University of Wisconsin-
Milwaukee.  He is also a member of the Urban Studies faculty 
and founding Co-Director of the Brownfields Research 
Consortium.  Dr. De Sousa received his M.Sc. in Planning and 
Ph.D. in Geography from the University of Toronto.  His research 
activities focus on various aspects of brownfields redevelopment, 
urban environmental management, and sustainability reporting 
in the United States and Canada.
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the creation of green spaces within a city’s built-up 
environment, which includes the production of parks, 
public spaces, gardens, outdoor athletic facilities, natural 
habitats, greenways, and children’s playgrounds through 
redevelopment (Garven and Berens, 1997; Harnik, 2000; 
Bunster-Ossa, 2001).  It can also refer to the preservation, 
protection, and enhancement of those natural areas within 
the urban environment that have been, for some reason or 
other, left undisturbed by municipalities, developers, or 
landowners.  While the term greening is now being used 
more widely to refer to the incorporation of environmental 
ideas into business and development activity, I use the 
term more conventionally, but loosely, to refer to the 
preservation and development of parks, open space, and 
green space in urban areas, as well as the incorporation of 
“green” vegetation into “brown and grey” parts of cities.
 Since the early nineteenth century, green space 
has played an important role in providing relief from 
an increasingly urban and industrialized America.  The 
rapid shift from a primarily rural/agricultural to an 
urban/industrial economy brought tremendous growth in 
population, drawing workers from the periphery, as well 
as immigrants from abroad.  Coinciding with this growth 
were the pollution and health problems of the congested 
city.  Thus, the need for increased recreation, better public 
health conditions, and relief from the toils of industrial 
labor prompted initial calls for urban parks in the United 
States (Platt, 2008).
 Beginning around 1850, civic advocates began 
to address the needs of urban citizens by calling for 
parks to be built in cities throughout the country.  The 
first notions of the urban park were to be realized by a 
culturally elite group of leaders and designers such as 
Andrew Jackson Downing, Frederick Law Olmsted, and 
Calvert Vaux.  The grand central park model of New York 
would be replicated in various American cities, including 
Philadelphia, Boston, Chicago, and San Francisco, 
throughout the second half of the nineteenth century.
 As urban parks proliferated, the focus shifted from 
creating elite cultural spaces to providing services for 
families and children.  The “Reform Park” movement 
(1900-1930) focused on play and recreation activities 
provided in smaller, more accessible green spaces located 
throughout cities (Cranz, 1982).  Subsequently, the U.S. 
saw an increasing role in the technical function of park 
boards and commissions from the 1930s to the 1960s, 
which eventually led to a more formalized planning 
function of local governments via parks and recreation 
departments.
 Post-war suburbanization not only took much of the 
interest in parks with it, but it also left cities poorer and 
struggling to maintain funding for urban park programs. 
Although this issue persists, there has recently been a 
resurgence of interest in urban parks because of their 
perceived role in helping to achieve more sustainable 
urban development (Beatley, 2000; Chiesura, 2004; Cranz 
and Boland, 2004).  Indeed, city leaders from around 
the world signed the so-called Urban Environmental 
Accords-Green Cities Declaration in 2005 with action 
items for enhancing urban nature, such as ensuring public 
park and recreation space within 0.5 kilometers of every 
city resident by 2015, 50% tree canopy coverage of all 
available sidewalk planting sites, and the protection of 
critical urban habitat from unsustainable development. 
 These three “urban nature” action items were part 
of 21 action items in seven environmental categories that 
cities must address to foster sustainable urban living and 
improve quality of life for urban dwellers (i.e., energy, 
waste reduction, urban design, urban nature, transportation, 
environmental health, and water).  Parks are increasingly 
promoted as catalysts for urban revitalization, features for 
increasing property values, and measures for attracting 
employers, as well as ways to improve environmental 
integrity and community quality of life.  Growing concern 
(and regulation) about climate change, stormwater 
management, transportation, shrinking cities, and public 
fitness will continue to boost interest and funding for 
urban greening.  But does greening really make a city 
more sustainable?  Empirical evidence increasingly shows 
that the presence of such space contributes to the social, 
economic, and environmental goals of sustainability in 
many ways.
Benefits of Urban Greening
 To most, the main function of urban green space 
is recreation, which deals with the refreshment of the 
body via physical exercise and the mind via a place for 
relaxation, diversion, and enjoyment.  In a survey (Shafer 
et al., 2000) of more than 500 users of greenway trails in 
Indianapolis, respondents considered the trails’ impact on 
people’s health and fitness to be extremely positive.  This 
was the highest-ranked feature in the survey.  A survey by 
Godbey et al. (1992) also found that those who used local 
parks frequently were more likely to report good health 
than those who did not.  Another central benefit associated 
with greening the city is simply aesthetics.  In a study of 
greenway-based trails in and around Chicago, Gobster 
(1995) found that more than anything else, people liked 
the trails for their scenic beauty.
 An extensive body of research also finds that urban 
greening improves the social well-being of city residents 
in many ways.  A park experience has been found to 
reduce stress (Ulrich, 1981), as well as to enhance 
contemplativeness, rejuvenate the city dweller, and 
provide a sense of peacefulness and tranquility.  In a well-
cited study, Ulrich (1984) found that hospital patients who 
could look out onto trees and nature from their windows 
recovered more quickly than those who did not.  Kuo et 
al. (1998) found that greenery helps people to relax and it 
reduces aggression.  Another study by Kuo and Sullivan 
(2001) found that residents living in greener surroundings 
report a lower level of fear, fewer incivilities, and less 
aggressive and violent behavior.  Public health research 
has also found that contact with nature is associated with 
5From Brown Liability to Green Opportunity
fewer sick call visits among prisoners (Moore, 1981); 
improved attention among children with attention deficit 
disorder (Faber et al., 2001); improved self discipline 
among inner-city girls (Faber et al., 2002); decreased 
mortality among senior citizens (Takano et al., 2002); 
and enhanced emotional, cognitive, and values-related 
development in children (Kellert, 2002).
Measuring the Economic Value of Green Spaces
 The cost of developing and maintaining parks in 
urban areas has also raised questions about the economic 
benefits associated with such spaces.  Indeed, as early as 
the 1850s, landscape architect Frederick Law Olmsted 
justified the purchase of land for New York’s Central Park 
on the basis of it raising the value of adjacent property, 
producing enough in taxes to pay for the park.  In a 
comprehensive review of 25 studies, Crompton (2001) 
found that in 20 of them, parks and open space did increase 
property values nearby.  This effect is greatest for spaces 
that are natural or serve a passive recreation role (e.g., 
trails, picnic areas) versus an active one (e.g., ball fields, 
tennis courts, basketball courts).  As for the magnitude of 
this effect, Crompton (2001, p. 62) suggests that:
A positive impact of twenty percent on property 
value abutting or fronting a passive park area is 
a reasonable starting point guideline.  If the park 
is large (say over 25 acres), well maintained, 
attractive, and its use is mainly passive, then 
this figure is likely to be low.  If it is small and 
embraces some active use, then this guideline 
is likely to be high.  If it is a heavily used park 
incorporating such recreational facilities as 
athletic fields or a swimming pool, then the 
proximate value increment may be minimal on 
abutting properties but may reach ten percent 
on properties two or three blocks away.
 Many studies have also found that the presence of 
recreational and natural space is considered an important 
factor influencing the location decisions of business 
(Scanlon, 1984; Galbraith and DeNoble, 1988; Snepenger 
et al., 1995).  A study by Crompton, Love, and Moore 
(1997), for example, found that decision makers in 
small companies (fewer than eight full-time personnel) 
ranked “recreation/parks/open space” as their highest 
priority when asked to identify quality-of-life elements 
influencing their business location decisions.  Lerner and 
Poole (1999) contend that in addition to raising property 
values and attracting investment, greening projects in the 
U.S. also tend to reduce costs related to urban sprawl and 
infrastructure, invigorate local economies, boost tourism, 
preserve productive farmland, and prevent costly flood 
damage.
Mill Ruins Park in Minneapolis, Minn. was transformed into the Mill District in 2001.  Photo courtesy of Christopher De Sousa.
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Reaping Environmental Dividends 
 In addition to the social and economic benefits 
accruing to humans, we are becoming more aware of the 
important ecological and biogeochemical services urban 
green space provides in terms of enhancing biological 
diversity, breaking down organic wastes, filtering 
pollutants from soil and water, managing air pollutants, 
moderating urban climate, controlling water, preserving 
genetic diversity, and pollinating plants.  Simply put, 
open land provides the space for nature to perform life-
sustaining services that would otherwise have to be 
provided technologically at great expense.  Proponents 
of so-called green infrastructure argue that urban trees, 
forested woodlots, and wetlands are particularly valuable. 
The forestry organization American Forests, for example, 
estimates that trees in the nation’s metropolitan areas 
contribute $400 billion in stormwater retention by 
eliminating the need for expensive facilities (Lerner and 
Poole, 1999, p. 125).  In addition, approximately 800 
million tons of carbon is stored in U.S. urban forests, with 
a $22 billion equivalent in control costs (Coder, 1996).
Converting Brownfields into City Parks
 Emerging evidence about the importance of green 
space in cities should compel planners to inventory 
existing green space in their communities and identify 
new opportunities for greening.  Since 2001, the Trust 
for Public Land, a national nonprofit, has compiled data 
on the quantity and management of urban green space in 
U.S. cities through its Center for City Park Excellence. 
The most recent data (2008) show that green space 
represents 9.9% of city land area on average, with high- 
density cities having a greater percentage of their land 
area devoted to green (11.7%) than intermediate/high 
(9.6%), intermediate/low (9.1%), and low-density cities 
(9.1%).  In all, the Center for City Park Excellence (2006) 
finds that some cities have plenty of parkland that is well 
distributed around town; others have enough parkland 
in total but an inequitable distribution; while others are 
short of even a basic amount of park space for their 
citizens.  Merely considering the total percentage of green 
space is, therefore, not a good indicator of a successful 
park system, as many cities have ample inventories that 
may be concentrated in large central parks or along the 
waterfront and ravine valleys instead of in proximity to 
older and more populous localities.  Those cities often 
considered to have excellent park systems – such as 
Minneapolis, Boston, and San Francisco – usually have 
comprehensive and well-funded park programs, extensive 
park inventories with many types of green space, and 
good access throughout the city (Erickson, 2006).
 To remedy this situation, Harnik (2000), Garven 
and Berens (1997), and other prominent researchers 
and practitioners recommended cities take into serious 
consideration the greening of brownfields and other vacant 
lands in their planning schemes.  This recommendation 
also seems to be consistent with what many urban dwellers 
actually desire (e.g., in a survey of more than 200 New 
Phase I of the Ping Tom Memorial Park in Chicago, Ill. included converting 12 acres of brownfields into park land in 1999.  Photo 
courtesy of Christopher De Sousa.
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($55 million) and public improvements ($150 million) 
along the central riverfront (of which Mill Ruins is the 
centerpiece) had already helped generate over $1.2 billion 
in private investment in the neighboring area, including 
the construction of more than 3,000 new residential 
dwellings (De Sousa, 2006).  Indeed, a few developers 
told me that their projects went ahead once the city 
confirmed that the park project was moving forward.  
 Redevelopment along the river continues to take place 
in a contagious manner, spawning additional commercial, 
residential, retail, and even green space projects – like the 
eight-acre Gold Medal Park, constructed on a brownfield 
just southeast of Mill Ruins Park via a public-private 
partnership involving the City, a private foundation, 
and a prominent theater company.  In 2003, a group 
of students and I surveyed almost 200 users and local 
residents about this project, and many reported visiting 
the site regularly from work and home to partake in an 
array of active and passive activities (De Sousa, 2006). 
Over 90% of the respondents felt the park was a good use 
for the site and noted the array of benefits it has brought 
to them personally and to the community, especially in 
terms of scenic beauty, neighborhood appeal, naturalness, 
and physical activity.  I even lost five stubborn pounds 
administering surveys to lunchtime power walkers.
Small-Scale Projects Merit Attention
 Many smaller communities, such as Baraboo 
(population 11,550) and La Crosse (population 51,840) in 
Wisconsin, are also looking to redevelop their riverfronts 
in an effort to revitalize their older core areas.  The City of 
Baraboo has received funds from the EPA and the State of 
Wisconsin to plan and redevelop along the Baraboo River, 
which runs through the heart of the city and was once home 
to various textile and lumber-related industries.  The city 
has prepared a comprehensive plan and design guidelines 
for the so-called Ringling Riverfront redevelopment 
area, which includes 37 brownfield sites.  Despite 
being a lower-income area, the corridor is experiencing 
development pressure from surrounding communities, 
which it hopes to turn into development opportunities. 
In addition to proactively assessing the conditions of the 
brownfield properties, the city is also involved in many 
public improvements, such as constructing a riverwalk, 
restoring the riverbanks, enhancing the streetscape, 
constructing parks, and improving utilities.
 Smaller park projects built on brownfields or vacant 
lots aim to provide active and/or passive recreation 
opportunities for older residential neighborhoods or 
users in downtown cores.  Interestingly, many sessions 
at the 2009 Brownfields Conference in New Orleans also 
focused on the conversion of smaller urban brownfields 
into community gardens and urban farms (Goldstein, 
2009).  Chicago has been particularly proactive at 
converting such sites into community park spaces (e.g., 
Senka Park, Ping Tom Memorial Park, West Ogden 
Pocket Park).  The Senka Park project, for example, 
Jersey residents by Greenberg and Lewis (2000), 90% of 
respondents identified parks and play areas as an optimal 
end-use for brownfields).  Unfortunately, there is no 
shortage of brownfields throughout the country.  In the 
most recent U.S. Conference of Mayors’ survey (2008), 
188 cities reported more than 24,896 brownfields (with 
an average size of 13.92 acres) and 176 cities estimated 
having 83,949 acres of idle or abandoned property.  In all, 
national estimates range from 450,000 to over one million 
brownfields sites.
 Many cities throughout the country have already 
started to actively convert brownfields into green space – 
namely, Minneapolis-St. Paul, Chicago, Denver, Portland, 
New York, and Pittsburgh.  The 2006 U.S. Conference 
of Mayors’ report on brownfields identified 422 park 
projects, while the 2008 report states that brownfield sites 
have been redeveloped into “30,559 park land projects or 
acreage designated for park land.”1
 The most popular type of brownfields greening in 
the U.S. has been the construction of greenways and linear 
trails.  These projects are built on former railway lines 
or on industrial and commercial properties located along 
waterways, where land often has to be painstakingly sewn 
together.  Interest in greenways is widespread because 
they can connect many neighborhoods, serve multiple 
functions, and offer many benefits (e.g., active and 
passive recreation; aesthetically pleasant transportation 
routes for cyclists, pedestrians, and/or vehicles; habitat 
corridors; and stormwater management).  Furthermore, 
these projects are often tied to a broader redevelopment 
strategy that sees residential and commercial development 
springing up along the greenway.
 The city of Minneapolis, for example, has been 
proactively greening brownfields along the Mississippi 
River that cuts through the city.  The Mill Ruins Park and 
Stone Arch Bridge project is the centerpiece of this green 
transformation.  Once considered the largest milling 
district in the world, the city’s industries and infrastructure 
fell victim to deindustrialization.  The last train crossed 
the Stone Arch Bridge in 1978, and many buildings stood 
vacant including the former General Mills plant that was 
gutted by fire in 1991.  
 As with many greenway projects on brownfields, 
this one was carried out incrementally with the support of 
many partners.  The Minnesota DOT began transforming 
the bridge into a pedestrian and bicycle trail in the early 
1990s, while park redevelopment occurred in multiple 
phases (i.e., reopening the historic canal & links to the 
bridge in 2001, restoring the historic mill features in 
2002, reconstructing a 650-foot wood plank trail in 2003, 
constructing pedestrian paths and interpretive features in 
2005).  Various management techniques and institutional 
controls were used to ensure that contaminants (PAH, 
Diesel Range Organics) on certain portions of the site are 
not disturbed in the future.
 In 2004, the Minneapolis Park and Recreation 
Board estimated that the $205 million invested in parks 
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involved converting a former railroad yard into a park/
schoolyard containing a baseball diamond, a soccer field, 
volleyball courts, a children’s playground, a rollerblade 
hockey rink, basketball hoops, a trail, a water play area, a 
few “habitat” areas, and several tables for playing chess 
and other games.  As in this case, the decision to construct 
a park is often reactive, with municipalities under severe 
pressure from local residents to increase park space in 
the area.  Downtown pocket parks, on the other hand, are 
usually deliberately built with elaborate design schemes 
to enhance adjacent commercial and retail business. 
Chicago’s 24-acre Millennium Park, while larger than 
a typical pocket park, provides a good example of a 
beautifully designed catalytic downtown public space, 
with the added revenue benefit of underground parking.
Large-Scale Park Development
 Larger multiple-use parks, offering a wide range of 
passive and active uses to both local and city residents, 
have also been constructed in several cities and are often 
part of larger urban redevelopment schemes.  Pittsburgh’s 
Washington’s Landing (42 acres) and Nine-Mile Run 
(244 acres) provide good examples.  Once home to 
notoriously foul stockyards and industries, Washington’s 
Landing now offers a marina, tennis courts (which also 
cap contaminants), walking and nature trails, as well as 
commercial space in the middle of the island and housing 
on the south end.  When dumping ceased in the early 
1970s, two large slag piles almost 200 feet high rose up 
sharply from the Nine-Mile Run Valley, with a heavily 
polluted stream running between and below them.  Half of 
the site is now a residential development, while the other 
half involves park space and a restored aquatic ecosystem 
along two miles of stream.  The project was sponsored by 
the Army Corps of Engineers and the City of Pittsburgh’s 
Department of City Planning.
 As in the Nine-Mile Run project, interest in the 
ecological revitalization of former brownfields has grown 
among environmental groups, community organizations, 
city planning and works departments, and even private 
corporations such as BP, Exxon Mobile, and Ford. 
While this has typically been popular for less marketable 
brownfields in rural areas (including superfund sites, mine 
lands, and landfills), projects seeking to restore wetlands, 
streams, and terrestrial ecosystems are also sprouting up 
in U.S. cities (Burger et al., 2004; Office of Solid Waste 
and Emergency Response, 2009).  
 My favorite example of urban ecological restoration, 
however, is taking place in Toronto, Canada along the 
Don River, which runs through the heart of the city (De 
Sousa, 2003).  For over two decades, one of the key goals 
of the city, nonprofits, local stakeholders, and the Toronto 
Conservation Authority (mandated by the Ontario 
government to manage water, land and natural habitats) 
has been to restore the river’s ecological functionality. 
Multiple brown-to-green projects have been carried out 
along the Don (e.g., Domtar Polyresins, the Brick Works, 
Chester Springs Marsh, Don Valley Park, and the Mouth 
of the Don), contributing to an extensive re-introduction of 
native flora, as well as improving water quality, increasing 
access to recreation, preserving the river’s heritage, 
and improving the corridor for cyclists and pedestrians. 
Furthermore, the city and local community groups 
regularly monitor the ecological state of the individual 
greening projects, as well as the Don River as a whole.
Planning and Implementation
Partnerships for Urban Greening
 While many cities have been successful at using their 
inventory of brownfields to create a diversity of green 
spaces, the planning and implementation process for 
greening urban brownfields is simply more complex than 
for most other brownfield projects, and it often requires 
the interaction of various levels of government, private-
sector participants, non-governmental organizations, and 
community-based groups.  In the projects I have examined, 
local governments are most often the ones taking the lead 
in coordinating the greening process, while upper levels 
of government (e.g., EPA, Army Corps of Engineers, 
National Parks Service) have also played an important 
role by providing land, funding, technical expertise, 
and assistance with project coordination.  Developers, 
landowners, and other private-sector participants have 
been involved in slightly over half of the projects I have 
examined, both directly (via site construction or property 
donation) and indirectly (via coordination of projects), 
but their own development projects are typically tied to 
the success of the new green space in some way.
 Nonprofits are also playing an increasingly active 
role in greening urban brownfields.  Some groups, such 
as the Trust for Public Land and Groundwork USA, have 
developed broadly defined greening missions related to 
ensuring livable urban communities; others, such as the 
Rails-to-Trails Conservancy and Wildlife Habitat Council, 
have missions associated with a particular type of green 
space.  These national-level nonprofits, all of which have 
regional or local branches, have found themselves at the 
forefront of greening brownfields in many respects (i.e., 
remediation, financing, planning and implementation, 
raising awareness, and post-development promotion). 
Their most notable role is often acting as a bridge 
between the public sector, the private sector, the local 
community, and even local nonprofits who may have 
initially requested their guidance.  Many have become 
very experienced in dealing with risk (whether it is legal, 
financial, environmental, or technological) and creative 
in their ability to raise project funds from a variety of 
sources.  Unlike the private sector, nonprofits can also 
engage in projects that do not bring about direct monetary 
benefits, but garner significant public benefits.  They can 
also lobby government and businesses to keep funding 
or delivering public benefits with less fear of retribution. 
National nonprofits also have many technical skills 
(fundraising, lobbying, design, cleanup techniques, real 
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estate acquisition, etc.) that local governments, private 
companies, local nonprofits, and the community lack or 
cannot provide.  For these reasons, their role will likely 
expand as governments broaden their brownfields efforts.
 Another issue standing in contrast to other kinds 
of market-oriented brownfield redevelopment initiatives 
is the very important role communities play in greening 
projects (Eisen, 1999).  Pressure for greening and 
decisions related to all aspects of redevelopment projects 
are typically influenced by community involvement 
and input.  Such involvement comes about through 
various structures and in diverse contexts; for example, 
consultation forums, design charrettes, working groups, 
committees, site visitations, and educational tours. 
Community participation often continues beyond project 
planning and development, with residents and even 
businesses becoming involved in long-term management 
and maintenance of the parks (via planting events, 
walking tours, educational programs, monitoring of 
habitat, coordination of litter cleanup activities, etc.).
Overcoming Obstacles
 The diverse array of partners and their desire to 
achieve multiple economic, social and environmental 
goals make planning and developing brown-to-green 
projects particularly challenging, requiring collaboration 
among various, and often adversarial, stakeholders 
(including those promoting alternative types of green 
space).  For this reason, such projects take a long time 
to plan and bring to fruition, requiring from two to 13 
years to complete for those I examined.  As with any 
brownfields project, greening involves costs associated 
with site assessment and cleanup.  I found the average cost 
of site preparation and remediation to be approximately 
$163,000 per acre ($80,500 median), representing 19% 
of total costs (based on 14 projects) (De Sousa, 2004). 
It should be noted, however, that these costs do vary 
considerably and have likely gone down over the last few 
years due to the use of risk-based techniques, capping, 
engineered barriers, landscape features, and institutional 
controls.  Indeed, there is often a close link between park 
design and the management of contaminated soils, which 
sometimes makes it difficult to specify cleanup costs 
because a cap, for instance, can serve other functions in 
addition to contamination management (e.g. a road or 
parking lot for automobiles, soil for grading and planting, 
a tennis court, etc.).  There is also growing interest in the 
use of phytoremediation, bioremediation, and natural 
attenuation in the greening process (Bradshaw, 2000).
 Although exposure to contamination is a common 
fear traditionally associated with planning for and 
redeveloping brownfields, as reported by the literature, 
(U.S. EPA, 1999; Eisen, 1999; De Sousa, 2000; Greenberg 
et al., 2001a, 2001b; Greenberg, 2002), coordinators in the 
U.S. and abroad have often indicated to me that this issue 
generates little or no concern from community members. 
Indeed, in a recent study I carried out, only two of 476 
respondents surveyed at three different projects mentioned 
contamination as an issue of concern (De Sousa, 2006). 
The reasons often given for this are that people spend 
relatively little time at these sites; the sites are publicly 
owned and managed; and the sites are safer and cleaner 
than they would otherwise be.
 By far the most significant obstacle to greening 
brownfields is simply the fact that these projects have 
very real costs, while few generate any direct revenues. 
Indeed, the average total cost for the greening projects 
I examined in the U.S. was $6.05 million (based on 18 
projects; $3.99 million median cost, or $750,000 per 
acre).  There is a high level of diversity in cost, however, 
given that projects can range from natural habitat 
restorations, to passive parks, to multi-sport complexes. 
Unfortunately, government has been responsible for 
covering virtually all of the costs involved in greening 
brownfields, whereas other types of brownfield 
redevelopment are able to leverage most development 
funding from the private sector.  City governments have 
been generally responsible for funding neighborhood and 
pocket parks, while upper levels of government sponsor 
many of the larger parks and may assist with assessment 
and cleanup.  Local governments are also on the hook for 
long-term management and maintenance, as well as land 
acquisition.  An added challenge has been that brownfield 
funding programs from upper levels of government have 
been directed to projects that generate jobs and taxes, not 
green space.
 Despite these obstacles, many cities continue 
to push forward with greening in order to realize the 
multiple benefits associated with it.  In interviews, project 
implementers have highlighted the main benefits as 
being the provision of new recreational sites, economic 
The Spadina Quay Wetland in Toronto, Canada, completed 
in 1996, was a former parking lot.  The site is adjacent to the 
Music Garden brownfield-to-park project. Photo courtesy of 
Christopher De Sousa.
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gains, aesthetics, and the creation of habitat.  Other 
benefits often realized include the interconnection 
of the newly-formed green spaces to other parts of 
the city, the creation of new trails, new access points 
to water, flood control, infrastructure improvement, 
enhanced cohesion among neighborhood residents, 
historical restoration, and examples for future greening 
efforts.  Research I have conducted on the outcomes 
of brownfields-to-green space projects supports these 
benefits.  In a recent study, my colleagues and I found 
that brownfields converted to parks in Minneapolis and 
Milwaukee raised surrounding residential property values 
by 4.4% and 11.7%, respectively, and that this effect 
extended out 2,500 feet (De Sousa, Wu, and Westphal, 
2009).  In Milwaukee’s 1,400-acre Menomonee River 
Valley, many of the dozen environmental benchmarks 
we are tracking related to water and air quality, habitat, 
flora, and fauna are already showing mild improvement 
as a result of initial redevelopment efforts.  Moreover, 
the hundreds of respondents who completed surveys at 
three brownfield-to-green space projects in the Midwest 
(Ping Tom Memorial Park and Senka Park in Chicago 
and Mill Ruins Park/Stone Arch Bridge in Minneapolis) 
clearly understood the benefits these projects offered to 
themselves personally and to the quality of life of the city. 
Perhaps the most inspiring outcome, however, occurred 
a few years back when my 11-year-old cousin beamed 
about an awesome Toronto-area nature camp he attended 
that “once was a pit where they used to make bricks.”
Lessons from the Field
 While tax dollars and jobs are integral to cities’ 
economic sustainability, there is a growing sense among 
planners that a broader revitalization focus should be 
considered so as to bring a higher quality of life back to the 
city – which, in turn, will lure back investors and residents. 
Greening experiences show how brownfields can constitute 
valuable opportunity spaces for developing various 
types of green space in urban areas and thus contribute 
to this broader focus.  Given that it is neither simple nor 
inexpensive to carry out, however, the greening of urban 
brownfields requires extensive stakeholder involvement 
and government commitment.  Indeed, the financial 
challenges involved in cleaning up, constructing, and even 
justifying the expenditure of funds for greening projects is 
very difficult given the budgetary problems in which many 
cities and states currently find themselves.  That said, I 
would like to end with a number of lessons from the field 
The Weston Quarry Gardens were opened in 1997 as the green space component of the Don Valley Brick Works in Toronto, Canada. 
Photo courtesy of Christopher De Sousa.
11From Brown Liability to Green Opportunity
that will hopefully assist those planners willing to take on 
the urban greening challenge (De Sousa, 2008):
• The greening of brownfields seems to be most 
feasible when tied to other forms of redevelopment, 
regardless of type, and when it is justified on the 
basis of human uses and benefits.
• Greening is particularly effective when all parties 
can link green space needs with brownfield site 
availability as part of a comprehensive revitalization 
strategy.
• The involvement of communities in the 
redevelopment process is crucial in both the short 
and long term.
• Potential funding sources must be identified and/or 
created through the involvement of public, private, 
and nonprofit groups.
• Municipal departments involved in the administration 
of parklands should be consulted and involved 
directly in all greening projects.
• Greening projects should be encouraged because 
they revitalize “blighted” neighborhoods, with an 
eye toward enhancing their economic and social 
appeal.
• An appropriate risk-based corrective action method 
that integrates elements of landscape design with 
available and emerging site remediation technology 
should be used to enhance the feasibility of greening 
projects.
• Greening projects present greater challenges than 
other forms of redevelopment in justifying end-use 
and project funding, but they are more graciously 
accepted by affected communities.
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Endnote
1  Page 9 of the report points out that 95 cities, or 62 percent 
of respondents, said that a portion of their sites would be 
redeveloped into parks and open space sites comprising 
3,520 acres of reclaimed land.  
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of what many North Carolina communities consider their 
most beautiful neighborhoods.
This article describes the ways in which North 
Carolina communities may stay green by preserving 
existing tree cover during and after the land development 
process.  It begins by noting some of the reasons why 
trees should be preserved, then explores the variety of 
tree preservation approaches used in North Carolina, and 
concludes by discussing the hallmarks of effective tree 
protection regulations.  It is intended as a tool for local 
governments or land use practitioners who are considering 
adopting or revising tree protection regulations.  The 
article helps to explain the importance of tree protection, 
highlights strategies other local governments have adopted 
to protect tree cover, and illustrates some of the basic 
elements found in effective tree protection regulations.
Staying Green: Local Tree Protection 
Ordinances in North Carolina
Chad Meadows, AICP
Stephen Sizemore, AICP
With greater urgency, communities are realizing the need for sustainable development practices that help 
to address climate change, limit dependence on foreign fuel sources, support healthy lifestyles, and better 
protect natural resources for future generations.  Regulatory requirements that protect and retain existing 
trees during and after the development process are some of the most cost-effective methods for communities 
to be more sustainable.  This article enumerates many of the benefits of tree protection, including lower 
energy costs through shading and reduced greenhouse gases through carbon sequestration.  It surveys the 
wide variety of tree protection strategies (mandatory, voluntary, and incentive-based) used by more than 
100 local and county governments across North Carolina, and it describes the hallmarks of an effective tree 
protection ordinance.  Given the state’s growth trajectory and the public’s heightened recognition of the need 
for more sustainable development practices, tree protection standards are likely to become more prevalent 
and comprehensive in the future.
Chad Meadows, AICP, is a Senior Associate at Clarion 
Associates in Chapel Hill and has prepared numerous tree 
protection ordinances across the southeast.
Stephen Sizemore, AICP, is a Senior Associate at Clarion 
Associates with 30 years of experience with planning issues; he 
is a member of the North Carolina State Bar.
Introduction
For much of North Carolina’s history, trees have made 
up a major component of the state’s economy, providing a 
broad range of forest products such as lumber, furniture, 
and paper.  In fact, the state’s “Tar Heel” nickname derives 
from the extensive production of pitch in colonial North 
Carolina.  In more recent times, as growth and development 
have come to the state, trees remain important, but no 
longer as a commodity for harvest.  Trees are now coming 
to be seen as a natural resource vital to our state’s ecology 
and quality of life, especially in urban areas.
More and more, communities are realizing the need 
for sustainable development practices that help to address 
climate change, reduce dependence on foreign fuel sources, 
support healthy lifestyles, and better protect environmental 
resources.  One of the most cost-effective and practical 
ways to encourage sustainable development patterns is the 
retention and protection of existing tree cover during and 
after the development process.  Trees absorb pollutants and 
provide oxygen, shade, habitat, and privacy.
In addition to these ecological benefits, trees are 
important for preserving, protecting, and enhancing quality 
of life.  Streets lined with large trees and homes nestled 
among a stand of trees represent some of the characteristics 
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Why Protect Trees?
Trees provide many varied benefits to a community. 
Some are tangible and others are intangible, but all are 
significant and constitute ample reason for a community to 
preserve and protect existing trees.  Such benefits include 
an assortment of environmental, visual and aesthetic, 
health and lifestyle, and economic benefits.1  Although 
newly-planted trees can yield some of the advantages 
briefly noted below, preserving and protecting healthy 
and mature trees represent much more cost-effective 
means of achieving these benefits and complying with the 
landscaping and buffer requirements commonly found in 
development regulations.
Environmental Benefits
Remove Air Pollutants:  Through photosynthesis, 
trees efficiently remove carbon dioxide, nitrogen dioxide, 
sulfur dioxide, ozone, and other pollutant gases from the 
air, and help dilute concentrations of these pollutants by 
producing oxygen (Nowak, 2007).  One acre of forest 
is capable of absorbing six tons of carbon dioxide and 
releasing four tons of oxygen in a year (Cusimano and 
Bardsley, 2009).  The carbon sequestration provided by 
trees is also important in mitigating climate change.
Improve Water Quality:  Trees provide 
an effective means of reducing sediment and 
pollutants entering surface and groundwater 
through erosion and stormwater runoff. 
Tree leaves and branches intercept and 
disperse rainfall, helping to reduce the 
volume of runoff, while fallen leaves and 
root systems help absorb rainfall and slow 
surface water flow.  Trees also stabilize the 
soil, preventing erosion. 
Moderate Microclimate and Conserve 
Energy:  Used as windbreaks, trees block 
winter winds that increase the heating 
demands for buildings.  In summer, trees 
can substantially reduce air-conditioning 
demands by shading buildings and adjacent 
surfaces and by lowering ambient air 
temperatures through transpiration.
Provide Wildlife Habitat: The 
elimination of trees as habitats for birds, 
mammals, and other wildlife, particularly 
in connective migration corridors, is a main 
reason for the decline of bird and other 
wildlife populations.    
Buffer Noise:   Excessive or undesirable 
sounds, whether from street traffic or 
adjacent land uses and activities, can 
have adverse physical and psychological 
effects on community residents.  Trees 
help ameliorate noise by absorbing and 
deflecting sound via tree leaves, branches, 
and trunks.
Tree Retention During Redevelopment.  Existing mature trees can be retained 
and integrated as focal points of a neighborhood’s design, such as in New Port, a 
five-year-old traditional neighborhood development built on vacated military land 
in Portsmouth, Va.  Photo courtesy of Chad Meadows.
Visual and Aesthetic Benefits
Provide Human Scale to Urban Environments:  Trees 
can break up the visual impact of large structures and 
open areas such as parking lots.  They make the scale of 
the urban environment more human and more comfortable 
for pedestrian activity, helping to promote interpersonal 
interaction.
Create Civic Identity and Special Places:  As the 
economy has become more globalized, new development 
is more dominated by look-alike chain restaurants, stores, 
and shopping centers.  Communities therefore increasingly 
seek ways to create places with a special character that 
are inviting and provide a break from the modern urban 
environment.  Residents’ and visitors’ impressions of the 
value of a community are often shaped by the sense of 
beauty and quality derived from its tree-lined streets and 
its wooded parks, hillsides, and riverfronts. 
Screen Undesirable Views and Provide Privacy: 
Trees can screen views of those elements of the urban 
environment that detract from the appearance of a 
community (e.g., utility and light poles, parking lots, 
loading areas, dumpsters, and unattractive buildings). 
They can also help establish screening that provides a 
sense of privacy from neighbors and the street. 
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Economic Benefits
Reduce Costs: The environmental and health 
benefits noted above translate into direct cost savings –
for developers, building occupants, and the community 
as a whole.  A U.S. EPA study found that shade trees 
and vegetation can reduce air conditioning costs by 15 
to 35 percent (Duerksen and Richman, 1993).  A 2003 
ecosystem analysis of the Charlotte/Mecklenburg County 
metropolitan area found that trees removed air pollutants 
at a rate that would otherwise cost approximately $43.8 
million a year, and the reduced need for stormwater 
infrastructure saved $1.87 billion (USDA Forest Service 
and American Forests, 2003).      
Increase Property Values:  Numerous studies have 
shown that people are willing to pay more for properties 
with trees.  For example, the U.S. Forest Service reports 
that healthy, mature trees add between 10 and 23 percent 
to a property’s value (USDA Forest Service, 1993). 
Stimulate Economic Development:  According to 
studies, shoppers are more attracted to retail areas with 
trees (Wolf, 2004).  Furthermore, they are more likely 
to stay longer, visit often, and pay a premium for goods. 
The attractiveness of a community and the quality of life 
it offers are key factors in the locational decisions made 
by business executives; often these qualitative aspects are 
more important than quantifiable factors such as tax rates. 
Local Tree Preservation Regulations in North Carolina
Interestingly, tree preservation regulations are fairly 
common among local governments in North Carolina. 
Based on a random review of many of the tree protection 
provisions identified by the North Carolina Cooperative 
Extension Service,2 there are well over 125 municipalities 
and more than 20 counties that require new development 
to preserve existing trees during the development process. 
In several cases, these standards require tree protection 
at levels beyond those afforded through disturbance 
limitations in riparian buffers or general landscaping 
requirements.
Research completed as part of this article reveals 
that tree preservation regulations are not exclusive to 
large or fast-growing communities, nor are they limited 
to communities with highly sophisticated regulatory 
systems.  Numerous small communities, many with 
only rudimentary zoning regulations, have adopted and 
are applying tree preservation regulations; therefore, 
numerous approaches are in use across the state.  The 
following paragraphs outline the distinctions between 
the types of trees being protected, the philosophical 
approach to regulation (whether mandatory, voluntary, or 
incentivized), and some of the implementation tools in use. 
This article will not address tree protection requirements 
associated with minimum state or federal requirements 
for water quality protection, stormwater management, or 
habitat protection, since these trees would be protected 
regardless of local regulatory conditions.3
Types of Trees Protected 
Existing Tree Canopy:  Some regulations require the 
preservation of a specified percentage of a development 
site’s existing tree cover during and after the development 
process.  Mooresville, for example, requires retention of 
specified minimum percentages of existing tree canopy, 
with a sliding scale of percentages ranging from 12 to 
54 percent, based on the site’s zoning and the proportion 
of the site covered by existing tree canopy.  Similar 
requirements, with different percentages and bases, are 
found in Marshville, Matthews, and Waxhaw.  In many 
cases, these types of regulations use a priority order in 
determining which portions of the existing canopy cover 
should be retained versus which may be removed.
A number of regulations require new development to 
preserve all existing trees above a specified size threshold, 
or in specified categories, but allow the removal of 
existing trees as necessary to accommodate the proposed 
development.  The term “as necessary” is often interpreted 
broadly,4 though some jurisdictions only allow tree 
removal as needed for “essential site improvements” (e.g., 
Cedar Point and Wilmington) or where there are no other 
alternatives (e.g., Duck and Mineral Springs).
Many regulations – like those in Charlotte (for single-
family development), Chapel Hill, Durham, Duck, Garner, 
and Knightdale – require new development to achieve tree 
cover on a minimum percentage of a development site, but 
allow the tree cover requirements to be achieved by either 
retaining existing trees or planting replacement trees.
Large or Specified Categories of Trees:  A common 
type of tree preservation regulation prohibits the removal 
or requires retention of existing trees larger than a specified 
size or of a specified category.  Size thresholds sometimes 
vary by type of tree (e.g., canopy vs. understory), and 
range from as little as a three-inch diameter (for highly 
ornamental trees in Brevard) to as large as a 30-inch 
diameter (for evergreen trees in Garner).  Most diameter 
thresholds range from 12 to 18 inches for canopy trees.5 
This type of regulation is generally applied to certain 
categories of trees or in certain areas.
Some regulations protect categories of trees, like 
“specimen,” “champion,” “heritage,” “significant,” or other 
third-party designations (e.g., Fuquay-Varina’s heritage 
trees include “rare species listed under the North Carolina 
Natural Heritage Program”).6  Other regulations specifically 
define the categories to be protected with species lists and 
size thresholds (e.g., Chapel Hill’s specimen trees and rare 
trees, Wilmington’s significant trees), or by tree type and 
size thresholds. 
Trees in Sensitive or Significant Natural Areas: 
A number of coastal communities have tree protection 
regulations that are targeted to maritime forests (e.g., Atlantic 
Beach, Bald Head Island).  Other natural areas often targeted 
for tree protection regulations include floodplains (e.g., 
Brevard, Mineral Springs, Wake Forest), wetlands (e.g., 
Brevard, Durham, Mineral Springs), and areas with steep 
slopes (e.g., Brevard, Chimney Rock, Durham).  In these 
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areas, the presence of trees significantly helps to control 
floodwaters, protect water quality, and stabilize soils. 
Trees Along Site Perimeters or in Setbacks: Some 
regulations approach tree preservation from the perspective 
that existing trees may provide superior buffering, 
compared with planted vegetation.  The regulations 
require preservation of trees within specified areas during 
and after the development process.  In most cases, these 
areas include street frontages (e.g., Ocean Isle Beach, 
Perquimans County, Raleigh, Wake Forest, Waxhaw), 
areas within a specified distance of a site boundary (e.g., 
Cary, Greenville, Morehead City, Wake County), or areas 
within required setbacks (e.g., Belville, Brevard, Charlotte, 
Kernersville, Mineral Springs). 
Given the variety of standards, modern tree protection 
provisions are beginning to use a blended approach, 
combining two or more protection standards at a time.
Approaches to Regulation
There are several different approaches to tree 
protection used by local governments across the state.  In 
some cases, tree protection is mandatory; in others it is 
voluntary; still others use incentives to make tree protection 
more attractive; and some jurisdictions use blended 
approaches.  Regardless of the approach used, all of the 
tree preservation regulations reviewed apply only to new 
development and to expansions of existing development 
(e.g., Fletcher, Mineral Springs, Mooresville, Waxhaw). 
The following sections describe the differing approaches 
to tree protection from local jurisdictions across the state.
Mandatory Preservation: Most of the local 
governments with special enabling legislation have 
mandatory tree protection standards, though several 
(Belmont, Burlington, Carrboro, Greensboro, Mooresville) 
mandate tree protection without special legislation. 
One of the key issues among ordinances with 
mandatory provisions is the range of developments or 
activities that are exempted from the regulations.  Some 
activities, like farming or forestry, are often exempted, as 
well as the following types of activities: 
• Removal of dead, dying, diseased, or pest-infested 
trees – sometimes with caveats that such trees pose 
a danger to human life or property (Archdale), or 
are diseased beyond treatment (Chapel Hill), or 
are infested so as to pose a risk to adjacent trees 
(Greenville);   
• Removal of trees as necessary for the installation, 
maintenance, and repair of utilities;
• Routine maintenance of landscaping and yards (e.g., 
pruning, clearing of undergrowth);
• Minor clearing for line-of-site surveying;
• Removal of trees identified as non-native invasive or 
nuisance species – sometimes listed (Chapel Hill);
• Removal of trees grown as part of plant nursery or 
greenhouse operations;
• Removal of trees as necessary to provide access to 
and from a property; and
• Removal or pruning of trees as necessary to provide 
clear visibility at street and driveway intersections.
A number of communities exempt single-family 
lot development from their tree preservation regulations 
(Brevard, China Grove, Eden, Fuquay-Varina, Marvin, 
Saint James).  Although Charlotte exempts single-
family development from its heritage tree preservation 
requirements, it applies its tree save requirements (that 
existing trees be preserved on at least 10 percent of the 
site area) only to single-family developments.  Asheville 
applies its tree save area requirements only to multi-family 
developments and subdivisions with at least eight units or 
lots.  Also, several communities exempt or expressly do 
not apply such regulations to the development of parcels 
less than a specified size, such as one acre (New Hanover 
County), two acres (Greenville, Knightdale, Raleigh), five 
acres (Waxhaw), or 10 acres (Marshville, Marvin).
Is special authorization from the N.C. state legislature necessary to adopt tree protection ordinances?
Approximately 30 communities in North Carolina have obtained special legislation to protect trees, but the majority 
of the more than 140 communities with tree protection standards adopted them without special authority.
Until the state legislature or courts clarify the matter, the question of whether local governments have sufficient 
authority to enact tree preservation regulations remains an open and debatable issue.  State courts tend to take a 
relatively narrow view of the statutes’ broad construction directives, and they have been reluctant to recognize 
authority for those types of development regulations that “push the envelope” (especially if they involve fees).  On 
the other hand, the courts have recognized a number of now commonplace zoning tools (e.g., special-use permits, 
conditional-use zoning) long before they were expressly authorized by legislation.
It is interesting to note that as part of the legislation adopted in 2005, the state legislature developed a set of laws to 
buffer forestry activity from tree protection requirements, but specifically recognized the ability of local governments 
to regulate tree removal as an activity partially associated with development (G.S. §160A-458.5 and G.S. §153A-
452).  The law allows local governments to withhold development approvals for up to three years from land that has 
been substantially harvested of trees protected by local development regulations.
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Preservation Where Practicable, Feasible, and/or 
Reasonable:  Some communities require tree preservation 
only if compliance is “practicable,” “practical” (Bermuda 
Run, Carolina Beach, Chapel Hill), or “feasible” 
(Albemarle, Belmont, Davidson, Franklinville), or would 
not “unreasonably burden” development (Aberdeen, 
Blowing Rock, Carrboro, Edenton).  Unfortunately, 
many of these regulations provide little or no guidance 
on determining when compliance is or is not practicable, 
practical, feasible, or an unreasonable burden.  Aberdeen 
and Edenton provide that an unreasonable burden exists if 
compliance requires a substantial alteration of the location 
of proposed improvements, or if compliance mandates 
activities that impose an “unreasonable hardship” on 
the developer.  Davidson and Franklinville call for the 
determination to be made jointly by the developer, design 
team, and the planning director/planning board.   
Voluntary Preservation: A number of tree 
preservation regulations in North Carolina do not require 
tree preservation – rather, they “encourage” developments 
to preserve existing trees.  Some encourage use of existing 
trees to meet landscaping or buffer requirements (e.g., 
Angier, Beech Mountain, China Grove, Franklin, Garner) 
and stormwater management requirements (e.g., Belville). 
Some encourage the saving of existing trees in general 
(e.g., Apex), while others are a little more specific – e.g., 
encouraging owners of single- and two-family homes to 
retain or plant one tree per 2,000 square feet of lot area 
(Carolina Beach), or encouraging developers to preserve 
existing trees and vegetation in floodplains, stream buffers, 
wetlands, and areas with steep slopes (Fletcher). Banner 
Elk “strongly encourages” developers to design building 
footprints to avoid the removal of significant trees.
In general, regulations encouraging tree preservation – 
no matter how specific they are or how much they emphasize 
the related benefits – rely entirely on the agreement and 
goodwill of the developer to be effective.   These regulations 
are effective only to the extent that the developer believes 
preserving trees will not increase development costs or 
decrease profitability.  Some communities that encourage 
tree preservation seek to tip the developer’s balancing of 
the pros and cons of tree preservation by adding tangible 
incentives.    
Incentives:  A number of communities allow tree 
preservation areas to count towards landscaping, buffer, and 
open space requirements when tree preservation locations 
coincide with the proposed locations of these site features. 
Some go further and either allow tree preservation areas 
to be credited towards landscaping, buffer, and open space 
standards wherever located, or provide “bonus” credits 
towards meeting landscaping and buffer requirements (e.g., 
Boone, Franklin, Matthew, Wake Forest).  For example, 
Franklin provides a scale of credits: preservation of one 
existing tree with a caliper of two to six inches counts as 
one tree in meeting buffer requirements, while preservation 
of one existing tree with a caliper greater than 25 inches 
counts as five trees in meeting buffer requirements.   
A few communities (e.g., Apex, Cary, Garner, 
Mooresville, Wake Forest) encourage tree preservation 
beyond minimum requirements by permitting a reduction 
in the number of off-street parking spaces normally 
required (limited to five, 15, or 20 percent of total required 
spaces).  Wake Forest allows reduced minimum lot 
area standards for extra tree save areas in single-family 
developments.  Charlotte is perhaps the most aggressive in 
providing incentives – encouraging developers to increase 
the tree save area by allowing reduced minimum setbacks, 
applying cluster lot standards (including reduced minimum 
lot area, lot width, and setback standards), and providing a 
density bonus proportional to the tree save area.
Implementation Tools
Tree preservation regulations in North Carolina use 
a wide variety of administrative mechanisms to apply and 
enforce their requirements.  Some use an independent tree 
removal permit (or tree conservation or tree disturbance 
permit) (e.g., Albemarle, Archdale, Cedar Point, China 
Grove, Duck, Greensboro, Marvin, Mooresville, Saint 
James, Waxhaw, Wilmington).  Other communities rely 
on generally applicable development permits and review 
procedures.  A number of communities require developers 
to prepare and submit a tree preservation plan (or tree 
protection, tree management, or landscape protection plan) 
that shows where preservation and protection of existing 
trees is required (e.g., Albemarle, Angier, Archdale, 
Bermuda Run, Chapel Hill, Charlotte, China Grove, Duck, 
Greensboro, Marshville, Marvin, Mineral Springs, Saint 
James, Troutman, Waxhaw).  Most others require that 
compliance with tree preservation standards be shown 
on generally required site plans or landscape plans.  A 
tree survey (or inventory or assessment) is required as 
the starting point for determining how tree preservation 
regulations apply to a development site (e.g., Apex, Boone, 
Cary, Charlotte, Chimney Rock, China Grove, Durham, 
Marvin, Matthews, Mooresville, Raleigh, Wake Forest, 
Wilmington).  Regulations generally require tree surveys 
to show all regulated trees (as defined by size, species, or 
location), including individual trees – though provision 
may be made for showing stands of trees instead of 
individual trees (Mooresville) and for using aerial photos 
to depict tree canopy (Matthews, Mooresville, Raleigh).    
Coordination with Landscaping, Buffer, and Open 
Space Requirements: Most communities that apply 
tree preservation regulations also apply landscaping, 
buffer, and/or open space regulations.  In some cases, 
tree preservation regulations are incorporated into these 
regulations; when separate, tree preservation regulations 
will still refer generally to these existing regulations. 
As noted above, most expressly credit tree preservation 
areas toward meeting landscaping, buffer, and open space 
requirements where appropriate.  Specifically, many such 
regulations expressly provide that preserved trees may be 
credited towards meeting general landscaping, parking 
lot landscaping, screening, and buffer requirements (e.g., 
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Brunswick County, Havelock, Kernersville, Knightdale, 
Matthews, Mooresville, Rocky Mount). 
Trees Inside Designated Tree Conservation or 
Save Areas:  A considerable number of tree preservation 
regulations requires new developments to designate tree 
protection, conservation, preservation, or save areas or 
zones.  However they are named, these are areas delineated 
by the developer to show which existing trees are to be 
retained and protected.  Some of these regulations define tree 
conservation/save areas in terms of retention requirements – 
i.e., those areas necessary to meet minimum tree canopy or 
tree density requirements, or to incorporate specimen trees 
that must be retained, or to include natural areas or site 
perimeter areas in which existing trees must be retained 
(e.g., Archdale, Brevard, Charlotte, Durham, Fletcher, 
Knightdale, Marshville, Mineral Springs, Mooresville, 
Raleigh, Wake Forest, Waxhaw).  Other regulations 
largely leave designation of tree conservation/save areas 
up to the developer, using the designation primarily as a 
means of identifying where trees are to be protected from 
development activities (e.g., Asheville, Bermuda Run, 
Cary, Graham, Greensboro). 
Protection of Trees During Construction:  As noted 
above, some communities require the designation and 
delineation of tree protection zones (TPZs) as a means 
of identifying where protective measures are applicable 
during construction.
Many regulations prohibit activities within a tree 
protection area or a critical root zone around those trees to 
be protected.  Such areas are commonly defined by the tree’s 
drip line or by a set radius from the tree trunk equal to one 
foot per inch of tree diameter.  Tree protection regulations 
typically require the placement of protective fencing around 
the perimeter of this area (sometimes required to be made 
of wood, although plastic is more common) and prohibit 
land disturbances within the area, particularly grading, 
filling, driving or parking of vehicles or machinery, storage 
of debris or materials, stockpiling of soil, and disposal 
of concrete washout, oil, paint, chemicals, or other 
hazardous materials.  Trenching and excavation for utility 
lines is generally prohibited, but some regulations allow 
underground tunneling or directional boring where the 
location of utility lines within the protection area or critical 
root zone is unavoidable; they may even allow trenching 
with root pruning as a last resort (e.g., Greensboro, Wake 
Forest).  Some regulations allow sidewalks or other paved 
areas to encroach into tree protection areas and critical root 
zones, but generally limit the paved area to no more than 
10 percent of the area or zone (e.g., Rocky Mount). 
Limitations on Pre-Development Clear-Cutting:  The 
first line of defense in preserving and protecting existing 
trees is to prohibit clear-cutting on a development site 
before plans for the development are approved, or at least 
before issuing a tree removal permit.
A number of North Carolina communities have 
adopted regulations that regulate clear-cutting before 
development.  A few expressly prohibit any clearing 
without a permit of a site subject to tree preservation 
regulations (e.g., Albemarle, Atlantic Beach, Carolina 
Beach, Cary, Chapel Hill, Fuquay-Varina, Marshville). 
Most either prohibit clearing but exempt agricultural and 
forestry activities, or prohibit clearing in anticipation of 
development.7 
Those that prohibit any clearing, even for forestry 
activities, may be effectively limited by legislation 
adopted in 2005 that basically exempts legitimate forestry 
activities from local government regulation, but retains 
local government control over activities associated 
with development (see text box on page 16).  In some 
communities (e.g., Eden, Garner, Greenville), tree 
preservation/protection regulations adopted or amended 
in recent years incorporate language from the 2005 
legislation, including provisions that define exempted 
forestry activities in terms of being subject to forestry 
management plans and allow the community to defer 
development approvals of a site cleared of regulated trees 
for a period of years after the clearing. 
As mentioned previously, there is a wide diversity 
of tree protection standards in place across the state.  As 
interest in sustainability and quality of life grows, it is likely 
that more and more local jurisdictions will be adopting tree 
protection standards.  The next section details three basic 
hallmarks of an effective tree protection ordinance.
Hallmarks of Effective Tree Preservation Ordinances
Despite the variety of differences between tree 
protection approaches used by local governments across 
the state and the nation, there are several basic tenets of 
a good tree protection ordinance, namely: predictability, 
consistency, and flexibility. The following section discusses 
each of these hallmarks and provides examples of how they 
can be integrated into tree protection provisions.
Predictability
To be effective, tree protection ordinances must result 
in predictable outcomes for development professionals, 
lay persons, governmental officials, and the courts.  In 
many cases, applicants proposing development are 
willing to comply with tree protection standards, as long 
as the requirements are clearly explained and applied in 
a consistent, prescribed manner.  Effective tree protection 
ordinances provide predictability through several methods: 
use of plain English (not jargon); clear purpose and intent 
statements; comprehensive applicability and exemption 
provisions; clear procedural descriptions; clear, quantitative 
standards; and a thorough description of violation and 
enforcement provisions. 
Plain English:  One of the best ways to ensure greater 
predictability is to ensure the requirements are written in 
plain English, avoiding the use of overly-technical terms or 
jargon.  In cases where formulas are used as the basis for 
determining the minimum level of compliance, the formula 
should be included in the text, made as simple as possible, 
and supplemented with an example.
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Purpose and Intent:  A clear set of purpose and 
intent statements is critical.  Having an idea of the local 
government’s intent is important when considering unique 
situations or alternative forms of compliance.  Purpose 
statements need to be in accordance with enabling 
legislation, special legislation (if applicable), and adopted 
local policy guidance.  Purpose and intent statement 
sections should list the various benefits of tree protection, 
and should specify that the standards are intended to 
identify and preserve the highest value trees during and/or 
after the development process.
Applicability and Exemptions: These provisions 
are perhaps the most important since they establish who 
must comply with the standards and who is exempted. 
They must also identify the trees subject to the regulation. 
For example, tree canopy retention is often applied to 
significant existing vegetation exceeding a minimum size 
threshold (e.g., eight inches in diameter).  Specimen tree 
protection is also extended to trees of a certain minimum 
size or quality threshold.  Common exemptions include: 
farming and forestry, development in urban districts/
areas, removal of nuisance/invasive trees, removal of 
safety hazards, and utility/rights-of-way maintenance. 
The applicability provisions should also clarify if clear- 
cutting (in anticipation of development and outside normal 
farm or forestry activities) is subject to the tree protection 
standards.
Voluntary versus Mandatory Compliance:   Mandatory 
standards result in greater predictability than voluntary 
standards, but they may not be consistent with political 
will.  Mandatory standards may also make incentives more 
attractive than they would otherwise be under a voluntary 
system. Providing credit towards other development 
requirements like open space or landscaping can help 
address developers’ concerns related to project costs.
Clear and Logical Procedures: Effective tree 
protection regulations include thorough descriptions of 
the timing and procedure for compliance review, as well 
as the appeal process for applicants or other persons 
with standing.  In some cases, there may be procedural 
differences, such as the issuance of a tree removal 
permit for tree removal activities proposed outside of the 
development process (clear cutting), versus review for 
compliance with tree standards as part of the site plan or 
subdivision approval process.  Post-decision procedures, 
such as pre-construction inspections, mitigation in case of 
violations, and performance guarantees for replacement 
trees, should also be explained. 
Clear Standards:  Effective tree ordinances employ 
clear, measurable standards for determining the required 
location and quantity of trees to be retained during and 
after the development process.  Standards also differ in 
terms of the type of tree protection involved.  Tree canopy 
retention standards call for a percentage of the canopy cover 
Trees as Screening.  Trees can provide effective screening of multi-story buildings and can soften the appearance of service and 
parking features as viewed from nearby streets, such as at Weston Parkway in Cary, N.C.  Photo courtesy of Chad Meadows.
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to be retained, or for a minimum tree density per unit of 
development area to be retained.  Specimen or significant 
tree retention requirements establish a minimum size or 
quality standard (for both canopy and understory trees). 
Tree protection standards tied to a location (like wetlands 
or steep slopes) apply locational criteria.
Enforcement: The enforcement process should 
be clearly explained.  Many effective tree protection 
ordinances establish tree protection zones around existing 
trees to be retained, and enforcement actions are applied 
to violations occurring within a recognized tree protection 
zone.  In addition, enforcement provisions must address 
pre-development preparations (e.g., installation of tree 
protection fencing), the construction process (limitations 
on excavation, storage, and operations within a tree 
protection zone), and long-term maintenance/protection 
of retained trees (through inspections requirements and 
mitigation regimens applied when trees must be replaced).
Discussion of Violations:  The ordinance should 
clearly describe actions that constitute violations, and 
the remedies available for addressing such violations. 
Violation provisions should distinguish between accidental 
and deliberate damage or removal of trees.  The violation 
provisions should also establish fines and civil and criminal 
penalties (if applicable), and emphasize mitigation over 
cash payments.  The section should also set out the range 
of remedies available to the jurisdiction in enforcing the 
standards, such as development approval revocation or 
delay, requirements for accelerated landscaping provision 
(e.g., increased minimum counts or minimum sizes at 
time of planting), and modified procedural requirements, 
such as requirements for public hearings for development 
proposed subsequent to a tree protection violation.
Consistency
Consistency is the second hallmark of an effective 
tree protection ordinance.  Not only should tree protection 
regulations be internally consistent, but they should also 
be consistent with political realities and enforcement 
capacity.  The following paragraphs discuss the importance 
of consistency with other documents and local conditions.
With Policy Guidance:   Maintaining consistency with 
the policy guidance found in the comprehensive plan is of 
the utmost importance for maintaining relevancy with the 
wishes of the public and the legal defensibility of the courts. 
The law also requires consistency with relevant state and 
local requirements, such as those related to water quality or 
stormwater management.  Regulations not well grounded 
in policy support could be more likely to be overturned 
during judicial interpretation.
With Political Realities:  Tree protection provisions 
must be developed and implemented in accordance with 
the political realities within a local community.  This is 
of particular importance when considering remedies for 
violation of tree protection provisions.  Regular waivers or 
modifications to tree protection requirements or remedies 
for violations can make application of the standards 
less predictable and result in more confusion on the 
part of developers and citizens.  It may be necessary to 
periodically review tree protection provisions with elected 
and appointed officials to ensure that support for the 
provisions still exists. 
With Enforcement Capacity:  It is important to tailor 
tree protection provisions to a jurisdiction’s capacity to 
enforce the standards.  There may be strong policy guidance 
and political will for comprehensive tree protection 
standards, but the ultimate approach or scope of the 
regulations may be determined by enforcement capacity. 
The least ideal situation is to discover that enforcement 
capacity is insufficient after adopting new tree protection 
standards.
With Other Development Standards: Effective 
tree protection ordinances are well-integrated with and 
mutually supportive of other development regulations, 
such as landscaping requirements, open space provisions, 
resource protection standards, and setback requirements. 
In most cases, retained trees are credited toward 
landscaping requirements, but seldom is land occupied by 
tree save areas credited toward open space lands.  Crediting 
provisions related to use of existing trees for landscaping 
and minimum development setbacks must be coordinated 
to ensure root zones associated with retained vegetation 
are sufficient after the development process.  Several 
ordinances used in the state do not allow tree save areas 
to be located within individual platted lots.  This helps 
ensure that required trees are not inadvertently removed or 
damaged by an individual homeowner, and allows the tree 
save area to be treated as common open space.
With Natural Conditions:  By necessity, tree 
protection regulations should differ from place to place 
in terms of the types of trees protected, minimum size 
or quality thresholds, and percentage retained.  It is very 
common for specimen, champion, or significant tree 
protection preservations to exclude certain types of trees 
from minimum size or quality thresholds (e.g., yellow 
pine, Bradford pear, cottonwood, mulberry) based upon 
their prevalence or status as nuisance trees.
Flexibility
Effective tree protection regulations do not include 
contingencies or differing standards capable of addressing 
every unique situation or condition.  Instead, effective 
regulations typically include provisions that allow 
alternative forms of compliance, mitigation, and a process 
for addressing unexpected conditions or unanticipated 
conflicts.  Incentives for tree protection, especially when 
offered as part of a mandatory tree preservation approach, 
are also a means for building flexibility into development 
regulations.
Alternative Forms of Compliance: Effective ordinance 
provisions do not attempt to anticipate every possible 
condition or scenario – rather, they include a procedure 
for addressing unique conditions or unanticipated 
consequences.  These provisions take many forms, 
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credit towards minimum landscaping requirements when 
existing trees are retained and integrated into required 
landscaping areas.  Other ordinances take incentives one 
step further, and allow a reduction to some development 
standards like setbacks or parking standards when doing so 
allows existing trees to be retained after the development 
process.  As part of recent efforts to incorporate greater 
sustainability into development codes, some ordinances 
include incentives for increased height, density, or intensity 
for developments that meet or exceed tree retention 
percentage targets.
Conclusion
Tree protection requirements are somewhat 
widespread in North Carolina and are becoming even 
more common as residents call for more sustainable 
development patterns and better environmental protection. 
There are numerous reasons to protect trees, including the 
need to better address climate change, the need to reduce 
dependence on foreign energy sources, and the desire 
to increase overall livability within our communities. 
Retention of existing trees is one of the most cost-effective 
means available to local governments to address these 
issues. 
There is a wide variety of approaches to tree 
preservation in use across the state, including mandatory, 
voluntary, and incentive-based approaches.  More 
voluntary than mandatory regulations are in use, but 
mandatory systems are more predictable and create a 
more favorable climate for the use of incentives.  Blended 
approaches that incorporate protection for different types 
including administrative adjustments (minor variations 
to standards approved administratively) or alternative 
landscaping plans that allow development to depart from 
some minimum standards in favor of a higher overall 
quality of development than would otherwise result. 
Some ordinances also allow payment of a fee in lieu of 
compliance whereby the jurisdiction uses the money for 
other tree protection/maintenance activities.
Mitigation: Mandatory tree protection standards 
should always allow mitigation, subject to specific approval 
criteria, as a means of retaining flexibility to adapt to 
unique conditions.  Mitigation takes many forms, and is 
usually different based upon the type of tree preservation 
provisions used by a local jurisdiction.  For example, 
standards requiring retention of a portion the existing 
tree canopy cover often allow reforestation or planting of 
replacement trees following removal of existing ones.  This 
is especially common on sites subject to substantial grading 
or topographic change. A similar mitigation alternative is 
to allow off-site planting of required replacement trees in 
cases where the land area is insufficient to accommodate 
the volume of tree growth anticipated from the replacement 
trees.  In these situations, some ordinances allow replanting 
to take place within adjacent rights-of-way or other nearby 
public areas.  Other ordinances allow funds to be deposited 
into the jurisdiction’s “tree bank,” or fund, for the purposes 
of increasing tree cover.  This is a useful approach in 
communities built out prior to the establishment of tree 
protection standards.
Incentives:   Incentives are an excellent way to promote 
compliance rates.  Some ordinances provide accelerated 
Trees along Waterways.  In Raleigh, N.C., tree protection measures such as fencing are undertaken.  Standards for tree protection 
during construction are critical to effective tree protection regulations.  Photo courtesy of Chad Meadows.
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of trees (e.g., tree canopy retention standards, specimen 
tree protection standards), mandatory minimum standards, 
and a meaningful set of incentives have the best chance for 
success.  Interestingly, most local governments with tree 
protection provisions do not have special authorization, but 
the issue of the need for special authorization has not yet 
been decided by the courts.
There are three primary hallmarks for an effective 
tree protection ordinance: predictability, consistency, and 
flexibility.  Effective tree protection ordinances produce 
predictable outcomes and are based upon clear applicability 
statements, logical and comprehensive procedures, and 
quantifiable standards.  They are most effective when 
designed in accordance with the political will and the 
available enforcement capacity (in addition to long-range 
policy guidance).  The inclusion of flexibility mechanisms 
like mitigation and alternative forms of compliance help 
limit unanticipated consequences and make it easier for the 
communities’ tree protection goals to be met.
Given the state’s growth trajectory and the public’s 
increasing desire to limit negative environmental impacts 
from development, tree preservation regulations are likely 
to become even more commonplace, sophisticated, and 
effective.
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Endnotes
1 For further information about the benefits of trees, see the 
links at http://www.treelink.org/linx/?navSubCatRef=56.
2 See the North Carolina Cooperative Extension Service’s 
resources on tree protection ordinances at (www.ces.ncsu.
edu/nreos/forest/ordinance).
3 A number of communities have regulations that require 
preservation of trees within specified natural areas to meet 
state mandates for protection of water quality in water 
supply watersheds and certain major river basins (e.g., 
Neuse, Tar-Pamlico, and Catawba), as well as federal 
mandates for stormwater management programs. Most 
often, these take the form of regulations requiring the 
preservation of vegetated buffers along rivers, streams, 
and lakes. Such regulations may be incorporated into 
local development regulations or may exist within an 
independent set of watershed protection or stormwater 
management regulations. Existing trees within these 
riparian buffers, which may extend 50 to 200 feet from the 
surface water, are generally required to be retained, though 
minor disturbance for public improvements, undergrowth 
clearing, and selective timbering may be allowed.
4 See the development regulations for Beech Mountain, 
Belville, Eden, Granite Falls, Kannapolis, and Seven 
Devils.
5 See the development regulations for Aberdeen, Blowing 
Rock, Carrboro, Currituck County, Edenton, Franklin 
County, Kannapolis, Manteo, Marvin, and Oxford. 
6 Such categories most commonly include “specimen 
trees” (Belville, Chapel Hill, Durham, Matthews, 
Mooresville, Wake Forest, Bermuda Run), but may also 
include “champion trees” (Cary, Matthews), “heritage 
trees” (Bermuda Run, Brunswick County, Charlotte, 
Fuquay-Varina, Hendersonville), “historic trees” (Boone, 
Wake Forest), “monumental trees” (Archdale), “protected 
trees” (Banner Elk), “rare trees” (Carrboro, Chapel 
Hill), “significant trees” (Boone, New Hanover County, 
Wilmington), “trees of local significance” (Bermuda Run), 
and “threatened or endangered trees” (Marvin, Waxhaw).
7 It should also be noted that erosion and sedimentation 
control regulations applied by the state or local government 
in accordance with the Sedimentation Pollution Control Act 
of 1973 (G.S. 113A-50 et seq.) and stormwater management 
regulations applied by local governments generally require 
a permit before any “land-disturbing activity” – a term 
that includes clear-cutting.  Although these regulations 
can effectively prevent clear-cutting before the review 
of plans, such review focuses on addressing the clear-
cutting’s impact on erosion, sedimentation, and stormwater 
runoff – not on preventing or substantially limiting the 
clear-cutting.     
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 In the latter half of the 1990s, Cary launched an 
active program of constructing dedicated pedestrian 
and bicycle facilities.  While Cary has been aggressive 
in building these new facilities, no information was 
available on their usage.  Realizing this shortcoming, 
the Town of Cary’s Greenway Committee, composed of 
citizen volunteers and serving the Parks, Recreation, and 
Cultural Resources Advisory Board, launched a program 
to measure greenway use.  To date, this count program has 
been under way for three years.  
 A goal at the outset was that this information would 
increase support for the overall program and help the 
Committee and Town staff identify which facilities were 
well used and which were not attracting patrons.  These 
baseline measurements are valuable benchmarks for 
setting future goals since these facilities will eventually 
link together to form a transportation network throughout 
the town and with adjacent jurisdictions.  
 The Town of Cary has three types of dedicated 
pedestrian and bicycle facilities: greenways, trails, and 
multi-use paths (Figure 1).  Greenways are paved, off-road 
facilities; trails are unpaved greenways, generally with 
a crushed-gravel surface; and multi-use paths are wide 
sidewalks, either concrete or asphalt, located adjacent to a 
roadway.  These facilities can be grouped into two classes: 
metro facilities, which attract users from throughout Cary 
and surrounding towns; and neighborhood facilities, 
which are used primarily by those who live, work, or shop 
in close proximity, generally within walking distance. 
Throughout this study, “facility” is used as a generic term 
to describe greenways, trails, or multi-use paths in either 
of these settings.  “Segments” are portions of any of these 
facilities and represent the basic geographic unit of the 
observation.  
 The study revealed that overall median usage for 
any segment is 11.35 users per hour on weekends.  Metro 
segments have a much greater usage than do neighborhood 
segments, with 44.42 users per hour, compared to 8.40 
users per hour.  In addition, locating facilities alongside a 
lake, providing more access to surrounding development, 
If You Build It, Will They Come? 
Measuring Greenway Usage in Cary, N.C.
Robert Bush, AICP
A decade ago, the Town of Cary, N.C. implemented a greenway program but had no information available on the 
facilities’ usage.  To address this shortcoming, the Town’s volunteer Greenway Committee initiated a program 
in 2007 to measure weekend greenway use.  Study results showed that overall median usage for any segment 
on weekends is 11.35 users per hour.  User counts were much higher on metro segments than on neighborhood 
segments.  In addition, locating facilities alongside certain amenities, such as a lake or trailhead parking, 
may increase usage.  Overall, walking was the most prevalent mode of travel.  Temperature was found to have 
a definite impact on usage, with the highest usage occurring when temperatures were in the 60°Fs.  There is 
little variation by time period or day; the notable exception is Sunday evening, when the median usage level 
increases to 15.28 users per hour.  These results should provide a good guide for comparable suburban cities 
in similar climates regarding the potential weekend usage of their greenways.
Robert Bush, AICP, is chair of Cary’s Greenway Committee and 
a multimodal planning principal with 30 years of experience.  He 
is employed with HDR Engineering, Inc. and can be reached at 
(919) 232-6619 or robert.bush@hdrinc.com.  
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and providing parking at a trailhead may increase usage.
The Setting
 Cary, N.C., is a rapidly growing suburb of Raleigh. 
Cary has seen phenomenal growth during the last half-
century, with the population at least doubling at each 
decennial Census since 1950.  At that time, Cary had a 
population of just 1,496, but by 2000, it had grown to 
94,536, with further increases leading to an estimated 
137,483 by October 2009 (Town of Cary Estimate).  In 
2009, Cary’s municipal limits encompassed 55.34 square 
miles, up from 9.86 square miles in 1980.  The current 
estimate of population density is 2,484 persons per square 
mile.  By comparison, Raleigh had an estimated density 
of 2,630 in 2007 (City of Raleigh Comprehensive Plan, 
2009).
 Cary’s greenway program began in the late 1970s, 
with the first trail opening in 1979.  A few additional Town 
greenways and trails were opened during the 1980s, but 
the majority of the facility construction during this period 
was completed by private developers.  Two planned unit 
developments, Kildaire Farms and Lochmere, included 
construction of extensive trail systems.  These facilities 
are both paved and unpaved, but they are not part of the 
public system. 
 From the late 1980s to 1995, leaders and residents of 
Cary became more serious about constructing a network 
of greenways and similar facilities.  By the time the first 
formal greenway plan was completed in 1995, the public 
system of greenways and trails was 10 miles long, with 25 
miles ultimately proposed.  In 1998, the plan was updated 
to recommend the development of a continuous system of 
greenways, trails, and bikeways throughout Cary, which 
would transform the fragmented paths into a system 
serving both recreational and commuting trips.  The 
system as proposed would have approximately 70 miles 
of greenways and trails, and 50 miles of bikeways.  The 
plan was further updated in 2003, expanding the network 
to 160 miles. 
 In addition to this extensive planning, the Town 
enacted a series of ordinances that have been essential to 
the creation of a system of trails.  For example, in the 
late 1970s the Town Council passed a land dedication 
ordinance that required a greenway easement for those 
properties under development where an approved public 
greenway had been proposed. 
 The ability to obtain easements was further 
enhanced after 2000, when the Town approved a stream 
buffer ordinance.  The Town now requires 50- or 100-
foot buffers, depending on the stream classification, and 
greenway construction is permitted in the outer edge 
of the 100-foot buffers.  With all new development 
subject to this requirement, more land is available for the 
construction of greenways.  In addition, new greenways 
are now possible through the acquisition of joint sewer 
and greenway easements through new, and in some cases 
existing, developments.  In 2004, the Town began to 
negotiate actively with developers to provide them with 
credits to construct public greenways in lieu of paying 
required recreational fees.  Developers are seeing benefits 
in locating properties along a Town-designated facility, 
as evidenced by more home listings noting the proximity 
to a greenway, and by reduced developer opposition to 
greenway funding and construction.   
 Currently, the Town of Cary’s greenway system is 58 
miles long.  With an additional 17 miles under development, 
the greenway system is still evolving.  While extensive 
construction has taken place, the majority of facilities 
are short and not well connected.  This separation reflects 
the pace and location of new residential developments on 
former farmland.  The Town is actively filling in the gaps 
between developer-built greenways and is extending the 
system into older areas of town, but available funding levels 
and the lingering difficulties in securing new easements 
have slowed implementation of a unified system.  Figure 2 
shows Cary’s existing public system.1 
 In addition to path fragmentation, the Town faces 
the challenge of an uninformed public regarding the 
greenway system.  Most of the constructed greenways, 
trails, and paths do not have signage beyond “no motor 
vehicles” or “greenway closes at sunset.”  The original 
eight segments do have entrance signs (known locally as 
“tombstone” signs after their shape) and posted maps, and 
the private greenways have a trail icon; however, facilities 
constructed since 2000 did not include any signage until 
late last year.  As a result, most users learn of local facilities 
Figure 1:  Examples of a Greenway, Trail, and Multi-use Path.  Photos courtesy of Robert Bush.
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by happening upon them, through word of mouth, 
or via the Town’s greenway and bikeway map.2 
The Town recently completed a signage study for 
all parks, recreation, and cultural resources and 
has begun installing signs along the greenways. 
Four greenways have the new signage, which is 
expected to increase visibility and usage of the 
facilities.  
Methodology
 The Greenway Committee’s objective was 
to measure usage of the greenways, trails, and 
paths.  A count could be conducted in one of 
two ways: a check at a single point on a segment 
(point check), or a check along the entire length 
of a segment (walking check).  A point check 
would be analogous to roadway traffic counts that 
are made at individual locations along a roadway. 
Most reported greenway counts around the 
country are point checks.  In Cary’s case, no data 
was available to indicate which facilities were 
more heavily used, much less to identify segments 
where the highest usage occurred.  Point checks 
also would not provide any information on usage 
between check locations.  
 Due to these drawbacks, the Committee opted 
to conduct a walking check instead of a point check. 
The advantage of a walking check is that it checks all 
portions of a greenway segment, not just the number 
of users passing a single location.  For segments 
with multiple access points, a walking check also 
provides a more comprehensive evaluation of 
usage along the entire length, allowing at minimum 
a subjective identification of areas with higher and 
lower usage.  This approach has the added benefits 
of allowing Greenway Committee members the 
opportunity to become more familiar with the facilities and 
to identify any maintenance needs.  
Observation Period
 Since the principal objective of the study was to 
identify hourly usage for the system as a whole and to 
note variation among facilities, an observation period for 
each check was set at approximately one hour.  To provide 
for some flexibility, a minimum observation time of 50 
minutes was set for each facility, with a desired maximum 
observation time of 70 minutes.  For shorter facilities or 
segments, two roundtrips were often required to provide 
the minimum 50-minute observation time.  Longer 
facilities were divided into smaller segments, if required, 
to reduce the observation time to less than 70 minutes (see 
following section for further discussion).  Overall, 87% of 
the checks fell within these parameters.  
 Checks were made by Greenway Committee 
volunteers only during weekends.  No observations were 
made during weekdays because most volunteers had 
regular weekday jobs.  Therefore, the results to-date do 
not provide information related to potential usage of the 
facilities for work or school commutes.  
 Checks were taken during daylight hours (the official 
hours the greenways are open).  Over the course of a 
year, there are just over 633 weekend daylight hours – an 
average of 10.5 hours per day in fall and winter, and nearly 
14 hours per day in spring and summer.
Segment Selection
 Segments were established as the basic observation 
unit.  A broad net was cast to count as many facilities 
as possible.  Facilities encompassed public and private 
greenways and trails within Cary, as well as segments 
in adjacent jurisdictions scheduled to connect with 
Cary’s public system.  Without any previous information 
available, it was unknown whether Cary’s facilities were 
used more or less heavily than those of other systems in 
the area.  A broad check would permit this comparison.
 For shorter facilities, generally those less than 1.1 
miles long, the entire facility constituted one segment. 
For longer facilities, multiple segments were identified 
Figure 2:  Cary’s 2009 System of Greenways, Trails, and Multi-use Paths.
Map courtesy of Town of Cary.
26 Bush
for observation.  Break points between segments were 
selected based upon a combination of easily identifiable 
locations, the length of the resulting segments, and the 
physical characteristics of the facilities.  For example, in a 
facility with approximately equal portions that were paved 
and unpaved, the segment breakpoint would coincide 
with the change in the facility surface.  The Greenway 
Committee ultimately identified a total of 53 segments.  
 Given the system’s ongoing development in Cary, 
most facilities had only one segment.  Of the 53 segments, 
eight would be considered part of a longer facility. 
For example, the Black Creek Greenway has several 
segments, but from a user’s perspective these are separate 
facilities due to gaps or other distinctive breaks where the 
greenway crosses a major roadway.  Only the northern 
portion had to be segmented due to its length – Black 
Creek-Lake Crabtree and Black Creek-North Dynasty 
would be considered by users as a single facility, but 
the resulting length of 2.4 miles was too long to permit 
a roundtrip observation within 70 minutes.  Similarly, 
three other facilities required segmentation: the White 
Oak Church-Green Level West and White Oak Church-
Chatham County segments of a 2.1-mile stretch of the 
American Tobacco Trail (ATT); the 3.3-mile Davis Drive 
Path-North and South segments, and the 3.6-mile White 
Oak Creek and White Oak-West segments.
 Extremely short facilities (those less than 0.6 miles) 
and those located in newer, unpopulated neighborhoods 
were not included in the segment selection, due to their 
extremely low usage.  Including these facilities would 
have distorted the overall picture of facilities’ usage 
within the Town.  Some short facilities, notably those 
that will eventually be part of a major greenway or that 
will be modified in the near future, were included; these 
constituted only 15% of the observations.
Sampling Plan
 Since no data had been previously collected, this 
count was designed to determine the relative use of all 
facilities as well as to develop an estimate of the overall 
usage of the system.  Checks were not limited to the peak 
hours; rather, they were made year-round throughout 
weekend days to provide a complete picture.  
 The Greenway Committee adopted a two-step 
selection process to determine the sample.  First, a sample 
set of segments was randomly selected for each member 
of the Greenway Committee to observe; these segments 
were then placed in a random order.  Second, each segment 
was randomly assigned a day (Saturday or Sunday) and 
observation period to be checked.  To provide flexibility 
to the volunteer committee members, the day was divided 
into three time periods: Morning (sunrise to midday), 
Midday (the middle one-third of daylight hours), and 
Evening (midday to sunset).  The breakpoints varied 
by season, but were around 11 a.m. and 2:30-3:30 p.m. 
Checkers were instructed to conduct their checks in the 
order assigned on their selected day and within the hours 
for the assigned time period.  A new sample was drawn 
for each checker every three months.
 A further sample was made consisting of all 53 
segments in random order, with a randomly assigned day 
and time period.  Since no data existed on any facility, this 
additional sample ensured that some data was collected 
on each facility.  Initially, all segments were checked each 
quarter, but as the database became more substantial, this 
frequency was reduced so that each segment was checked 
at least once per year.
Checking Procedure
 During the assigned check period, the checker was 
instructed to walk the designated segment.  A simple form 
was provided upon which the checkers recorded the mode 
of travel of the users by placing tic marks for each user 
of that mode.  Eleven different modes were identified, 
including an “other” category for unusual circumstances. 
The modes are described in a later section. 
 Checkers were instructed to count users each time a 
“meet” or “overtake” occurred.  A runner who repeatedly 
passed a checker would be counted at each encounter; no 
attempt was made to keep track of individual users.  The 
intent was to replicate the type of count that would result 
from a stationary automated traffic counter, where each 
vehicle is counted every time it passes the counter.  In 
the walking check, a user was counted each time he/she 
passed the (moving) counter.
 Checkers gathered additional information on 
demographics, such as sex, race, and age of the users. 
Such an approach is admittedly subjective for the race, 
age, and sometimes sex categories and therefore is not 
reproduced here.  While subjective, this information does 
provide some general indication of who the users are on 
the greenways, trails, and paths.  Checkers also recorded 
the number of users traveling together (pairs or groups) 
and the temperature at the time of the check.
 Checkers were instructed to make their checks 
throughout the annual quarter so that observations were 
made in all seasons and conditions.  This instruction was 
tempered by the limitation that checks should be made 
during normal conditions.  Checks were not conducted 
during special events (e.g., a run or festival along the 
facility), during rain (or occasionally snow), or during 
extreme temperatures (less than 25°F or more than 95°F).
Results
 At the time of this writing in January 2010, a total 
of 826 checks had been conducted on the segments, and 
16,768 users had been recorded.  The results are highly 
accurate for systemwide indicators, but the small sample 
sizes for individual facilities (9 to 27 checks apiece) 
limits the certainty of results for individual segments. 
To overcome this limitation, results are reported for the 
median number of users rather than the average.  In using 
the median, a 95% confidence interval can be determined 
with just six samples.3   
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Systemwide
 Throughout the system, the median number 
of weekend users per hour is 11.35.  This amount is 
the median for all segments, all time periods, and all 
temperatures.  As Figure 3 shows, the 95% confidence 
interval is quite narrow at 10.59 to 12.00 users per hour.  
 This narrow band for the system as a whole masks 
some differences among the segments.  Next to the overall 
median, the median and confidence interval are shown 
by type of facility.  As illustrated, the median number of 
users for greenways (13.20) and trails (13.47) is almost 
three times higher than the median number of users for 
paths (5.39).  The conclusion could be that paths are much 
poorer performers and that greenways (paved) and trails 
(unpaved) are about the same.  This analysis also masks 
some important information.
 The third set of bars shows a truer picture of usage. 
Segments have been grouped as metro facilities serving the 
entire Cary community, or neighborhood facilities serving 
a much smaller area.  The Greenway Committee grouped 
each segment based on its qualitative characteristics, 
since members did not conduct interviews with users to 
determine how far the users traveled to access the facility. 
Metro facilities have been identified by the presence of 
well-used parking, indicating that users traveled from 
farther distances; as well as subjective observations of 
long-distance travelers (pace of travel, presence of a 
water/juice bottle belt, and recognition of individuals seen 
on multiple segments).  Coincidentally, most of the metro 
segments will become part of the East Coast Greenway,4 
a facility planned to offer off-road travel from Maine to 
Florida.  In the Cary area, this greenway will consist of 
the American Tobacco Trail, White Oak Greenway, and 
Black Creek Greenway. 
 The results indicate considerable differences 
between metro and neighborhood facility usage.  Metro 
segments have a median of 44.42 users per hour, while 
neighborhood segments have a median of 8.40 users per 
hour.  The 95% confidence intervals are 38.57 to 49.09 
for metro segments and 7.50 to 9.06 for neighborhood 
segments.  The metro results should be interpreted with 
some caution because there are only 210 observations on 
13 segments.  The neighborhood results are firmer since 
there are 616 observations on 40 segments.  Additional 
metro facilities are under development and will be 
included in future counts, thereby improving the accuracy 
of these results.
 While these usage levels may not sound impressive, 
especially compared with traffic volumes, the usage 
adds up.  Total estimated usage on any given Saturday 
or Sunday for this system is 10,756 users, and 1,118,285 
weekend users over the course of a year.  Given Cary’s 
population of 137,483, the equivalent of 8% of residents 
use a facility every weekend day, and the typical Cary 
resident uses a facility eight times on weekends during a 
year.  Weekday usage only adds to these levels.  Based on 
available Town data, no other park, recreation, or cultural 
resource in Cary approaches this level of patronage.
Individual Segments
 The individual segments showed some variation 
from their class median.  Figure 4 shows the median and 
confidence interval for the metro segments, and Figure 
5 shows the same for the neighborhood segments.  Only 
segments with at least nine observations are shown.  The 
differences among the segments offer some insights into 
what makes for a more heavily used segment – such 
as parking availability, connectivity to surrounding 
Figure 3:  Median Usage by Class (Overall, Facility Type, and Segment Type).
Median with 95% Confidence Interval by Type
Winter 2007 – Fall 2009
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neighborhoods, and presence of other amenities (e.g., 
park or lake features).
 As the graph in Figure 4 shows, four different usage 
groups emerged within the metro segments.  Apex Lake 
Greenway stands alone with the highest usage, at 124.47 
users per hour, with a 95% confidence interval of 87.00 
to 160.38.  This usage is about twice as high as the next 
group, likely due to several characteristics: the Apex Lake 
Greenway is a circumferential greenway around Apex 
Lake, and is contained within the Apex Community Park; 
ample parking is provided, along with direct connections 
to an adjacent apartment complex; and a gazebo is located 
on the lake shoreline.  Cary’s greenway plans call for 
eventually connecting a major greenway into this facility.
 The second group – segments with usage between 
60 and 70 users per hour – consists of two segments: 
one that is part of the American Tobacco Trail (ATT) 
and another that is part of the Black Creek Greenway. 
The ATT is a rail-to-trail facility that has recently been 
extended to 13.5 miles; the segment in the second-highest 
usage group includes a trailhead with ample parking.  The 
Black Creek segment, located alongside Lake Crabtree, 
is part of the current 2.4-mile Black Creek Greenway. 
Connecting spurs are offered to an adjacent apartment 
complex and neighborhoods.  A gazebo is located on the 
lake shoreline.  Informal parking alongside a roadway is 
located at one end, but it was often over capacity, and 
demand for this segment may be constrained by the lack 
of adequate parking.
 The third group includes seven segments with usage 
of 30 to 45 users per hour.  These segments connect with 
two segments in the second-highest-usage group and four 
greenways or trails in the 310-acre Bond Park – Cary’s 
metro park.  This park has a lake with a boathouse and 
ample parking.  It will be the central hub for Cary’s 
greenway system.  The last segment is part of the other 
metro greenway, the White Oak Greenway.  This segment is 
disconnected from Bond Park, but offers some parking and 
connecting spurs to nearby single-family neighborhoods.
 The fourth group has one segment – the outer segment 
of the White Oak Greenway.  This segment had the lowest 
number of hourly users for the metro greenways, at 16.82 
users per hour.  This western segment is more isolated 
than the other segments, since few neighborhoods exist in 
this area and no connecting spurs are in place.  No parking 
exists on this segment, although users have developed an 
informal roadside parking lot.  Usage on this facility is 
anticipated to increase over time, especially if a trailhead 
is constructed.
 The neighborhood class (Figure 5) also has four 
rough groups of segments.  As with the metro class, one 
greenway is at the top by itself:  the Loch Lomond Lake 
Greenway, with 39.29 users per hour.  This greenway 
circles a neighborhood lake, and although no parking is 
provided, there is good connectivity to single-family and 
multi-family developments in the area.
 Three segments are in the second group with usage 
between 20 and 25 users per hour.  These three segments 
are all surrounding or alongside a lake.  Symphony Lake 
Greenway is located primarily in an office park, while the 
other two are located within neighborhoods.
 The largest group consists of 27 segments with usage 
between four users per hour and 15 users per hour.  These 
segments include a wide variety of greenways, trails, and 
paths that are publicly and privately owned and located in 
residential, retail, and office developments.  Some of these 
segments are short, while others are more than one mile 
long.  The users appear to come from the immediate area, 
with only limited parking offered for most segments.  The 
wide range of usage along the Indian Creek Greenway 
Figure 4:  Metro Segments, Median Usage.
Median Metro Users/Hour with 95% Confidence Interval
Winter 2007 – Fall 2009
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likely reflects the newness of this greenway and the 
limited number of checks.  This greenway is anticipated 
to stabilize closer to the top of its range.
 The lowest-usage group consists of six segments with 
fewer than four users per hour.  Three of these segments are 
multi-use paths located alongside a roadway; one is a short 
private greenway located within a neighborhood; another 
is located in an office park with no nearby residential 
development; and the third segment is a short trail.
Usage by Travel Mode
 Travel mode of users was reported for the system as 
a whole (“overall”) and for the metro and neighborhood 
segments separately.  Four travel modes accounted for 
94% of the facilities’ usage: walking, traveling-with-pet, 
running, and bicycling.  Seven other types of travel modes 
were recorded: wheelchair, skate, skateboard, scooter, 
stroller, baby-in-arms, horse riding, and other.  
 Overall, walking was the most prevalent mode 
of travel, recorded for 39% of the users.  Biking was 
second most popular, with 24%, and traveling-with-pet 
and running were tied at 15% each.  The traveling-with-
pet category encompassed all modes where the user was 
out with his or her pet.  Most such users were walking a 
dog, but others were running or riding a bike and at least 
one user was walking her cat.  Bicycling encompasses 
traveling by two wheels, whereas bike trailers, tag-alongs, 
bike seats, and tricycles are all in the “other” category.
 The type of travel mode varied somewhat by facility 
class.  Metro segments had higher usage by runners and 
bicyclists, while neighborhood segments had higher usage 
by walkers and traveling-with-pet.  The greatest usage 
differences between metro and neighborhood facilities was 
for walking (37% vs. 45%) and bicycling (29% vs. 17%).
 Levels of activity in the “other” travel modes were 
lower than what the Greenway Committee anticipated 
at the outset.  The wheelchair category deserves special 
mention.  Wheelchair use on greenways, trails, and paths 
was extremely low, with only five users out of 16,768 
recorded using a wheelchair.  Of the “other” category, 
strollers had the highest use, with 3%; the remaining 
“other” modes each had usage below 1%.  Two greenways 
serve the Ska8-Cary Park, but these segments did not show 
a significantly higher usage by skaters or skateboarders. 
Moreover, the “horse riding” category only applies to the 
ATT where horses are permitted.
Usage by Temperature
 Checkers were instructed to record the temperature at 
the time of each check, in order to account for different usage 
levels in varying weather.  This measurement is somewhat 
subjective depending upon whether the temperature was 
measured at the segment (such as by the temperature reading 
in a car), or by the reported temperature at the nearby 
Raleigh/Durham International Airport.  Temperature could 
also vary by 10 degrees or more over the course of a check, 
depending on the time of day.
 Given these qualifiers, the results by temperature are 
insightful.  Figure 6 illustrates the results for all facilities 
regardless of class, compared with the overall median, 
by 10°F increments.  There is a clear central tendency 
when temperatures are in the 60°Fs, with a usage level of 
18.69 users per hour.  Usage shows a smooth drop-off as 
temperatures increased or decreased, down to a level of 
just 6.00 users per hour when the temperature was 30°F 
or 90°F.  The results should be viewed cautiously because 
sample sizes are still small, ranging from 35 to 208 
observations for each 10-degree range.  Checks were made 
when the temperature was in the 20°Fs, but only three such 
checks were recorded and these results are not shown.
Figure 5:  Neighborhood Segments, Median Usage.
Median Neighborhood Users/Hour with 95% Confidence Interval
Winter 2007 – Fall 2009
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Usage by Time Period and Day of Week
 As noted in the sampling plan, the day was divided 
into three time periods each on Saturday and Sunday.  This 
division was reflective of the idea that the checkers needed 
some flexibility in their assignments, and the realization 
that the accuracy by any shorter division would be poor. 
Three time periods per day provides some indication of 
whether usage varies much over the daylight hours.
 There is little variation by time period or day, with 
most showing a median usage near the overall median of 
11.35 users per hour.  The notable exception is Sunday 
evening, when the median usage level increases to 15.28 
users per hour.  Sample sizes are still somewhat small, 
with the number of samples per time period ranging from 
96 observations to 171 observations.
Conclusions
 The ongoing usage count program has been under 
way for three years.  The methodology developed for 
this program is working well: the Greenway Committee 
members and Town staff have a greater understanding of 
the usage of each segment and facility type.  Having the 
checkers walk each segment has increased the amount of 
monitoring of the system, allowing maintenance issues 
to be identified and addressed more promptly by the 
Town Public Works and Utilities Department.  Moreover, 
checkers report graffiti to the Town Police Department.
 These results should provide a good guide to 
comparable suburban cities in similar climates, regarding 
the potential usage of their greenways on weekends.  For 
a shorter neighborhood facility, a usage level between 
four and 15 users per hour is a likely range. For longer 
facilities that draw users from a larger area, a usage level 
of 30 to 45 users per hour is a good assumption.  For both 
types of facilities, locating a facility along or around a 
lake could be expected to increase use.  Providing parking 
and other trailhead amenities would also increase usage, 
as would connections to adjacent single- and multi-family 
developments.  
 Towns and cities should consider multiple reasons 
for conducting a greenway usage study.   Implementing 
a counting program will provide staff with needed 
information to defend spending for an existing greenway 
program or aid in applications for grant funding.  The 
usage counts can provide ready answers when elected 
officials and city managers need to know the benefits 
of greenways.  Moreover, usage counts can inform 
engineering staff about the types of crossings needed, and 
whether usage is sufficient to justify installing a grade-
separated crossing.  As municipalities look to expand 
their greenway networks and integrate with adjacent 
systems, these counts will allow for the prioritization of 
new greenways, trails, and multi-use paths.
Endnotes
1  Additional information can be found at the Town of 
Cary’s website for greenways: www.townofcary.org/
Departments/Parks__Recreation___Cultural_Resources/
Parks_and_Greenways/Greenways.htm
2  The map is posted online at: www.townofcary.org/
Departments/Planning_Department/Projects___Plans/
Bicycle_Plan/Map.htm 
3  For readers interested in the math behind the 




4  For more information on this multi-state facility, see 
www.greenway.org/
Figure 6:  Usage by Temperature (°F).
Median Users/Hour by Temperature
Winter 2007 – Fall 2009
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 For a moment, imagine that North Carolina’s total 
water supply is stored in one immense bowl and that every 
resident, new and old, is given a straw to siphon water 
for their daily gardening, industrial, recreational, and 
personal needs.  This consumption would be enormous, 
since every American uses about 100 gallons of water 
each day – compared with residents throughout the rest 
of the world, especially in poorer countries, who may 
have access to fewer than five gallons per day (National 
Geographic, 2010).  
 Now, consider that the total amount of water available 
today is the same as it was millions of years ago; that the 
worldwide population increases by 83 million people each 
year; and that North Carolina’s population is estimated to 
increase by more than four million new residents by 2030 
(Wohlschlegel and Outzs, 2010).  Water resources are 
seriously threatened by the impact of population growth 
on open space.  According to Wohlschlegel and Ouzts:
…between 1987 and 2007, an average of 
325 acres of natural lands were converted to 
residential or commercial use in North Carolina 
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With an introduction by Karen Cragnolin
Editors’ Note:  Carolina Planning regularly solicits articles on recent projects from members of the North 
Carolina  chapter of the American Planning Association (NCAPA).  This year’s submissions focused on water 
resource management – an important element of urban greening efforts.  From a riverwalk in New Bern – the 
host city for the 2010 NCAPA Conference – to a stream restoration project in Mecklenburg County and an 
educational wetlands park in Raleigh, these projects provide valuable insight into the local planning process.
Karen Cragnolin is Executive Director of RiverLink, Inc. in 
Asheville, N.C.  She currently serves as the acquisitions chair 
for the Clean Water Management Trust Fund, among other 
board positions.
Susan Moffat Thomas has been the Executive Director of the 
Swiss Bear Downtown Development Corporation since 1985. 
The organization was established in 1979 to spearhead and 
coordinate the revitalization of New Bern’s downtown and 
waterfront.
Jimmy Gordon has 20 years of experience in civil engineering, 
including nine years with Mecklenburg County (five years 
with Storm Water Services).  He primarily manages stream 
restoration projects for the County.
Will Wilhelm, P.E., CFM, CPESC, is a project manager at 
Kimley-Horn and Associates, Inc. in Charlotte, N.C.
James Brantley is a planner in the City of Raleigh Department 
of City Planning.
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every day.  North Carolina has lost more than 
one million acres of natural lands in the past 
decade, more than any other state in the U.S.
These straightforward yet daunting facts alert us to the 
important role that water conservation and protection play 
in our own state.   
 Recent and prolonged droughts, as well as natural 
and manmade disasters, remind us that access to clean 
water is not certain.  Protecting our water resources – 
in the form of rivers, streams and wetlands – becomes 
not just a consideration but a necessity.  Doing so 
productively will demand new ways of thinking, 
legislating, and acting.  State government, for example, 
will need to support stricter laws and more creative, 
incentive-based policies.  Because water resources cross 
political boundaries, future challenges may require us to 
rethink our complicated inter-governmental relations and 
redefine those boundaries.  Protecting our water resources 
will require more dialogue, more cooperation, and less 
ideological polarization if we are to meet the wants and 
needs of our growing population.  
 Because of the threatened state of our water systems 
today, water resource management is a critical component 
of any successful urban sustainability initiative. 
Regardless of their other well-planned systems, both rural 
and metropolitan communities cannot survive and thrive 
without an adequate water supply.  North Carolina’s 
cities and neighborhoods are becoming greener, with 
more parks, urban gardens, greenways, and other design 
elements dotting the landscape, but the greening of cities 
also requires water resource conservation.  
 Policy changes resulting from innovative programs 
such as the Clean Water Management Trust Fund 
(CWMTF) have helped to facilitate an increased focus on 
water resource protection in North Carolina.  The CWMTF 
was established in 1996 in response to an environmental 
catastrophe on the Neuse River that resulted in broadly 
publicized fish kills.  Since our state’s economy relies 
heavily on tourism and the second-home market, the 
national and international headlines touting polluted 
inland and coastal waters were not what recruiters, 
businesses, or residents want to broadcast about our state.
 Since its inception, the CWMTF has distributed 
approximately $1 billion in competitive grants to 
nonprofits and governmental agencies to clean up the 
state’s surface waters.  Grants have funded stream 
restoration, land conservation, and innovative wastewater 
treatment projects.  The CWMTF, coupled with community 
sweat equity and creativity, private foundation funds, 
bonds, and other government programs, has helped to 
reclaim abused and neglected rivers, streams, and creeks; 
conserve forever thousands of acres of land; and achieve 
greater vitality for communities across the entire state. 
 Recognizing the importance of water conservation 
in urban greening efforts, this article features three cities 
in North Carolina that have simultaneously addressed 
greening and water issues.  In their respective projects, 
each group sought to preserve a “sense of place,” involve 
diverse stakeholders, and improve the economy while 
protecting the environment.  Along the way, project 
stakeholders helped to revitalize a riverfront on the Neuse 
and Trent Rivers in New Bern, restore a creek and wildlife 
corridor in Huntersville, and bring wetlands education to 
an African-American neighborhood in south Raleigh.  
 If the rest of us are to address similar problems in 
our own communities, we will need to change the way 
we have approached urban problems in the recent past. 
This will likely mean cleaning up debris and reclaiming 
brownfields, as was done at the Raleigh Walnut Creek 
Wetland Center.  It may also require working with the 
political leadership to pass parks and recreation bonds that 
fund creek restoration and green alternative transportation 
routes, as was done in Huntersville and Mecklenburg 
County.  Or, it may involve riverfront reclamation for 
public health and tourism purposes, as was done in New 
Bern.  Seeing the change we want will mean having the 
courage and the leadership to design comprehensive 
projects that address multiple issues in the same stroke. 
 While many environmental conservation efforts in 
our state have focused on large, rural upland tracts of 
more than 100 acres, we must also focus on urban riparian 
buffers as potential areas for water resource protection. 
Those organizations working on this issue, such as 
Asheville-based RiverLink, Inc., recognize that riparian 
buffers in urban areas can help to clean the air, provide 
alternative routes for transportation, reduce sedimentation, 
and provide wildlife habitats.  North Carolina has led the 
way in water protection and ecological health in the past, 
and we now have the potential to lead other states into 
the future.  The lessons learned from the North Carolina 
cities featured here provide a peek into how we can work 
together for greener communities across the state.  Those 
lessons include the following principles: 
• Water resource protection takes a village. No one 
agency, individual, or institution working alone 
can create really successful projects.  The synergy 
in collaboration can turn good projects into great 
projects that change how we live and enjoy our 
communities.
• Change does not happen overnight.  Each of these 
projects illustrates the importance of being patient 
and persistent.  Anything that is worth doing is worth 
doing right.  Leaders, government priorities, and 
economic conditions may change, but a good project 
will weather these setbacks and evolve, coming to 
fruition in time.  
• Project funding can emerge through dollars or sweat 
equity.  If the project is creative and attracts diverse 
support, it will succeed.  Each of the projects presented 
here leveraged broad-based community support to 
marry a variety of funding sources and interests.
• Education, environment, economy and excellence 
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comprise the “four Es.”  When you have all four Es 
in one project, you will have a winner; and if you add 
economic justice, you will have a community revived.
• Creating a shared vision is imperative.  While 
the vision will evolve, each of these projects had 
champions along the way who shared their thoughts 
and time, asked for others’ needs and opinions, and 
incorporated suggestions into a project with broad 
support.
 Building a better future will require resource sharing. 
The environmental and population changes we face will 
present new challenges that will encourage us to embrace 
differences, engage in dialogue, challenge each other, and 
re-engage until we achieve a shared vision for moving 
forward.  After all, we all live downstream.
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New Bern Buoys its Downtown through Riverwalk 
Project
Susan Moffat Thomas, Swiss Bear Downtown               
Development Corporation
Editors’ Note: The annual conference of the North 
Carolina Chapter of the American Planning Association 
(NCAPA) will be held in New Bern this year.  This article 
describes some of the city’s ongoing greening efforts that 
conference attendees can experience during their visit.
New Bern, North Carolina’s colonial capital and first 
state capital, ushered in its 300th anniversary on December 
31, 2009.  The anniversary celebration has served as a catalyst 
for millions of dollars of investment and construction in 
this waterfront city’s downtown, including $3.5 million 
for 1.5 miles of major streetscape improvements to Broad 
Street; $40 million for the replacement of the Alfred 
Cunningham Bridge over the Trent River; construction 
of the new $60 million N.C. History Education Center 
adjacent to the Tryon Palace gardens on the Trent River; the 
$10-12 million renovation of the historic Federal Building; 
numerous private residential and commercial construction 
projects; and substantial progress on the completion of a 
continuous, two-mile Riverwalk along the Trent and Neuse 
River shoreline.
Founded in 1710 by Baron 
Christoph von Graffenried and named 
for the Swiss capital, New Bern is 
located on a spectacular peninsula 
at the confluence of the Trent and 
Neuse Rivers. The rectangular grid 
pattern of the streets extended to 
the water’s edge, where wharves, 
piers, warehouses, and shops housed 
the community’s trading economy. 
From its earliest days, New Bern’s 
waterfront was key to its success –
first as an important colonial port 
city, and later as a bustling railroad 
and shipbuilding center.  The town’s 
growth was slow and incremental until 
WWII, when the military installation 
at Cherry Point and other bases in 
the region accelerated growth to the 
northwest and south of town.  Like 
many small cities, however, New 
Bern’s downtown began to decline as 
industry abandoned rails and rivers 
for superhighways, and as citizens 
moved away from the downtown 
area to reside and shop in the newly 
developing suburbs. 
The downtown waterfront 
steadily declined, eventually turning 
into a collection of deteriorating New Bern Riverwalk Master Plan.  Map courtesy of Susan Moffat Thomas.
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warehouses and commercial buildings.  As businesses 
closed, buildings were boarded up and many old, historic 
homes were demolished.  The construction of the Neuse 
River Bridge in the early 1950s led to the widening of 
Broad Street, creating a barrier between the residential 
area and the central business district.
Downtown New Bern reached its lowest point in the 
early 1970s, when – under urban renewal – all but three 
buildings on a 14-acre Trent River tract were demolished 
and a bulkhead was constructed along the water’s edge. 
The tract lay vacant throughout the decade, despite 
proposals generated by a redevelopment commission.  
In 1977, community leaders and government officials 
took steps to reverse the downtown trend and commissioned 
a revitalization plan. Downtown’s waterfront orientation 
was seen as the basis for developing a new market, 
primarily consisting of recreation, retirement-oriented 
housing, and tourism, to bring a new affluent population 
of retirees, vacationers, and convention-goers into the 
central area of New Bern.
 A major element in the plan recommended a 
walkway along the Neuse and Trent River shoreline.  The 
City adopted the plan and retained ownership of a 30-
foot strip along Trent River in the 14-acre urban renewal 
parcel, constructing a sidewalk to ensure pedestrian 
access along the waterfront.  The goal was to eventually 
have a pedestrian connection along the Neuse and Trent 
Rivers throughout the downtown area.  To manage and 
coordinate New Bern’s renaissance, leaders from the city, 
county and community created the private nonprofit Swiss 
Bear Downtown Development Corporation in 1979 to 
spearhead and coordinate the revitalization of downtown 
and its waterfront. 
In 1980, the revitalization effort gained momentum 
when New Bern was among the first five North Carolina 
cities to participate in the Main Street Program,  created 
by the National Trust for Historic Preservation. Now 
administered through the N.C. Department of Commerce, 
the program provides technical support to smaller cities 
like New Bern that use historic preservation to promote 
economic development. Since that time, an aggressive 
revitalization effort and strong public-private partnership 
added millions to the tax base and created hundreds of 
jobs. Over $165 million has been invested in major 
rehabilitations and new construction, including four 
waterfront hotels, three marinas and major streetscape and 
park improvements. Tourism, a $12 million industry in 
the early 1980s, generated nearly $105 million in visitor 
spending in 2008.
By the late 1990s, completed sections of the 
Riverwalk were primarily in the downtown area. The 
best examples are Council Bluff Green, a small, two-
block park in a residential area along the Neuse River, 
and Union Point Park, located at the confluence of the 
Neuse and Trent Rivers.  Although concrete walkways of 
various widths – some set back from the water and others 
Union Point Park at the confluence of the two rivers, after renovation in the late 1990s.  Photo courtesy of Susan Moffat Thomas.
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at the water’s edge behind a bulkhead and railing – had 
been constructed over a 30-year period, the walkway was 
interrupted on many public and private properties. The 
Riverwalk along the urban renewal property ended at the 
railroad tracks on Hancock Street, adjacent to the new N.C. 
History Education Center on South Front Street.  In 2004, 
when planning began for New Bern’s 300th anniversary 
celebration, the City and Swiss Bear made the completion 
of the Riverwalk a top priority. A Connectivity Committee 
was formed to meet the goals and objectives. 
In 2006, Swiss Bear and the 300th Committee 
retained a firm to develop a master plan for completion of 
the Riverwalk from Queen Street to Lawson Creek Park, 
building on the sections already completed and those 
planned for the near future. Throughout the process, the 
Master Plan Steering Committee and the Connectivity 
Committee sought out professional expertise from 
volunteers, City officials and department heads, NCDOT 
staff, and board members who had a direct interest.
The plan envisions two main zones, urban and 
natural.  Although exposed aggregate concrete was used 
at Union Point Park and Council Bluff Green, the use of 
permeable pavers was recommended for the remaining 
walkways to meet state stormwater regulations. To 
provide the experience of moving from a historic 
downtown to walking through natural wetlands, the 
plan calls for a walkway on pilings along the shoreline 
all along Lawson Creek connecting to Leander Morgan 
Park and Lorenco Park, and continuing on to Lawson 
Creek Park. This rustic section, west of the pedestrian 
footbridge, would create opportunities for bird watching, 
fishing and contemplation. 
In 2007, the City approved the plan to complete the 
two-mile walkway, including the connection to Lawson 
Creek Park via a pedestrian footbridge. The 900-foot 
timber footbridge would connect with the downtown on 
City land and join the existing wetlands walk at the gazebo 
in Lawson Creek Park. Since there are no true public 
downtown transient docks available to citizens or visitors, 
transient boat docking facilities and a marina designed to 
replicate the old Neuse River Lighthouse off Jack’s Island 
were added to the plan.  The committee also envisioned 
acquiring the retired Herbert C. Bonner ferry, built in 
New Bern, for placement off Lawson Creek Park as a 
static artifact to use for receptions, concerts, engine room 
tours, etc. The U.S. Fish & Wildlife Service’s Boating 
Infrastructure Grant (BIG) program, with grants funded 
from federal excise tax money to construct transient boat 
docking facilities, was identified as a resource.  
In 2008, The Harold H. Bate Foundation awarded 
Swiss Bear a $64,900 grant for the footbridge project and 
in April 2009, the U.S. Fish & Wildlife Service awarded 
Swiss Bear one of 18 national grants for its transient dock 
project.  The grant for $646,650 covers just under 50% of 
the total estimated cost of the project. 
Sidewalks in three blocks of privately-owned 
historic homes along East Front Street were designated 
parts of the Riverwalk. The City received a Coastal 
Management Waterfront Beach Access (CAMA) grant 
for $28,635, with a local match of $9,545, to develop a 
walkway in a park-like setting at the end of Queen Street. 
They also received a CAMA grant for $12,559, with a 
local match of $4,168, and developed the space at the 
end of Pollock connecting to a privately-owned tract on 
the north side of the waterfront Pollock Street Park and 
walkway. The owner of that tract recently developed a 
marina and restaurant and constructed a promenade in 
character with the promenade at Union Point Park along 
the Neuse River waterfront on his property, granting an 
easement to the City for the walkway.  The City is in 
the process of obtaining an easement from two private 
property owners to the south of the Pollock Street Park 
to construct a walkway on the Neuse River, several feet 
from the bulkheads of the two properties and connecting 
to the Union Point Park promenade.  This project will be 
funded through a CAMA grant (approximately $400,000 
with a local match).
A design firm created a concept plan for a park on a 
narrow tract of City land at the end of Broad Street from 
East Front to the Neuse River. This public green space 
would include benches, tree lighting and a 30-foot high 
sculpture commissioned by a New Bernian as a 300th 
anniversary gift to the City.  The sculpture commission 
fee and installation cost are approximately $150,000.  In 
addition, the estimated cost to develop the actual park at the 
end of Broad Street is $135,000 to $150,000.  Swiss Bear 
is organizing a campaign to raise funds by recognizing 
contributors on granite panels in the developed space.  
In addition, at the N.C. History Education Center 
(scheduled to open mid-summer 2010), a public 
pedestrian path/walkway is being constructed through a 
natural landscape and wetland near the Trent River.
As with any project of this magnitude, there are many 
obstacles to overcome.  The downturn in the economy has 
been a challenge for finding additional funding to complete 
the marina, footbridge and navigation hazard clearing.  A 
business plan to operate the marina has been drafted and 
the application for a major CAMA permit is under study. 
Another challenge has been gaining the full support of 
the newly elected Board of Aldermen and Mayor.  In 
the recent election, all but one incumbent lost their seats 
on the Board.  Swiss Bear accepts these challenges and 
will continue to pursue the ultimate goal of working in 
partnership with the City to complete a major attraction 
envisioned more than 30 years ago. 
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Mecklenburg County Invests in Green Infrastructure 
James Gordon, Mecklenburg County, and Will Wilhelm, 
Kimley-Horn and Associates, Inc.
  
The Torrence Creek Stream Restoration project 
in Huntersville, North Carolina, is an example of how 
Mecklenburg County’s investment in improving its 
green infrastructure continues to yield environmental, 
community, and financial returns.  This ecological 
restoration will improve riparian systems that have 
been damaged by decades of rapid growth.  Upon its 
completion, the planned stream, wetland, and floodplain 
restoration project will restore more than 7,500 linear feet 
of the main stem of Torrence Creek starting at McCoy 
Road, and 9,000 linear feet of Torrence Creek Tributary 
#2, from Interstate-77 to Bradford Hill Lane (at the 
confluence with the Torrence Creek main stem).  The 
planning, permitting, and design stages are complete. 
Construction began in February 2010 and will take 
approximately one year.
Project Background
Torrence Creek is a sub-watershed of the McDowell 
Creek watershed.  McDowell Creek flows into Mountain 
Island Lake, Charlotte-Mecklenburg’s primary source of 
drinking water.  Rapid population growth over the last 
three decades in Huntersville and Cornelius has increased 
water pollution and stream bank erosion in the entire 
watershed.  Sediment from construction sites and bank 
erosion have impaired aquatic habitat in McDowell Creek 
and its tributaries (including Torrence Creek), prompting 
the North Carolina Division of Water Quality (NC DWQ) 
to label the stream “impaired due to biological integrity” 
beginning in 2000.
To help improve this watershed, Charlotte-
Mecklenburg Storm Water Services (CMSWS) completed 
the McDowell Creek Watershed Management Plan 
(2006, revised 2008).  The first of its kind in Charlotte-
Mecklenburg, this plan is a comprehensive, strategic 
roadmap for the management and restoration of surface 
waters in the watershed.  It helps guide restoration 
project selection as well as individual project goals and 
objectives.  Torrence Creek and Torrence Creek Tributary 
#2 were identified in the plan as top candidates for stream 
restoration.  CMSWS also identified additional tributaries 
of Torrence Creek and segments of McDowell Creek as 
future stream restoration projects.
A greenway trail runs along the Torrence Creek 
main stem for 1.4 miles, and greenway trail extensions 
Torrence Creek Existing Conditions:  Overwide channel, bank erosion, collapsing banks, and lack of in-stream habitat.  Photo 
courtesy of Kimley-Horn and Associates, Inc.
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are proposed along Torrence Tributary #2.  The trail is 
part of the planned Torrence and Lower McDowell Creek 
Greenway System and fits into the overall Mecklenburg 
County Park and Recreation Department’s Greenway 
Master Plan (1999-2009).  CMSWS worked closely 
with the Park and Recreation Department to coordinate 
the Torrence Creek stream and wetland restoration with 
the planned greenway work.  Trail location and stream 
crossings were designed to complement the restoration 
project and achieve the Park and Recreation Department’s 
desired connectivity.  
Restoration Goals and Objectives
The goals of the restoration project are to create a 
stable stream system and improve the water quality and 
aquatic/terrestrial habitat of the streams and floodplain of 
Torrence Creek and Torrence Creek Tributary #2.  This 
will be accomplished through the following objectives:
• Remove excess nutrients and sediment from the 
stream by using existing and improved vegetative 
buffers and reconnecting the stream to a constructed 
floodplain or its historic floodplain.
• Increase dissolved oxygen concentration in the water 
using in-stream habitat structures (made of rocks 
and logs) and the turbulence they produce.
• Stabilize stream banks using bioengineering (native 
plants) and/or specific natural channel design 
techniques for each unique stream segment based on 
constraints and opportunities.
• Create aquatic habitat diversity by introducing 
woody habitat structures made of logs.
• Reduce water temperature by improving tree canopy 
and turbulence in the buffer areas.
• Control the invasive exotic plants by pre-treatment, 
removal during construction, and implementation of 
an invasive species control plan.
• Implement stormwater best management practices 
to stabilize stormwater outfalls.
• Improve riparian vegetative buffers to filter air 
pollutants and absorb carbon deposits.
• Improve aesthetics and provide the community with 
natural resource benefits.
Similar urban greening projects combining 
ecological restoration and greenway trails have proven 
to provide benefits to the community beyond the direct 
benefits to water quality and habitat.  Community benefits 
include:
Valley Fields Farm Stream Restoration, Davidson County, N.C.:  Post-construction example of similar restoration project (Rock 
Cross Vane).  Photo courtesy of Kimley-Horn and Associates, Inc.
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• Restoration and preservation of critical open space
• Flood reduction
• Safe alternative travel routes for pedestrians and 
bicyclists
• Improved plant and animal habitats
• Added economic value for adjacent properties
• Healthier water and air quality
• Better access to recreation
  
Funding Sources
The County leveraged multiple funding sources to 
conduct this green infrastructure project.  The following 
is a list of funding sources:
• Charlotte-Mecklenburg Storm Water Services: 
$603,000.
• American Recovery and Reinvestment Act (ARRA, 
or federal stimulus program): $2,576,000.  (The 
ARRA award is a loan for this “green” project.  Half 
the amount is forgiven; the other half is to be repaid 
at 0% interest.)
• North Carolina Clean Water Management Trust 
Fund (CWMTF) Grant: $370,000.
The Pay-Off
In 2004, CMSWS established the City of Charlotte 
Stream and Wetland Mitigation Bank.  The Mitigation 
Bank’s goals include restoration, enhancement, and 
preservation of stream and wetland systems.
Restoration projects constructed by CMSWS 
generate credits that can be “banked” and used later to 
offset the stream and wetland impacts of City and County 
projects such as schools, roads, utilities, and Charlotte 
Douglas International Airport facilities. 
Prior to the establishment of the Mitigation Bank, 
City and County mitigation requirements were satisfied 
by purchasing credits from the State without regard for 
where the money would be spent. By having its own 
Mitigation Bank, the City of Charlotte can ensure that its 
mitigation dollars are used to support local projects, and 
that the resulting benefits are realized in Mecklenburg 
County watersheds. 
The Torrence Creek Restoration project (portions 
not funded by the CWMTF) will be used to generate 
compensatory stream and wetland mitigation credits 
that will be placed in the City of Charlotte Stream and 
Wetland Mitigation Bank.  The dollar value of these 
credits is anticipated to meet or exceed the cost of the 
project, enabling the County to pay back the ARRA loan 
and potentially have money left over to fund future green 
infrastructure projects. 
Finally, the County views green infrastructure projects 
as investments that will save capital costs on traditional 
(“gray”) infrastructure.  By improving the water quality 
and quantity functions of Torrence Creek and its floodplain, 
the County will save money on future water treatment and 
stormwater management infrastructure and maintenance. 
A Study in Community Action for Environmental 
Protection: The Raleigh Walnut Creek Wetland 
Center
James Brantley, City of Raleigh Department of City 
Planning
  
The story of the Walnut Creek Wetland Center 
is about evolution: from liability to asset, from dump 
to nature preserve, from embarrassment to pride.  This 
backwater place had been overlooked for decades 
until several community activists and local politicians 
collectively turned their attention to the area.  The Center 
is a case study of how persistence and a moral imperative 
can led to success.  The Center promotes interest in both 
the cultural and physical aspects of the wetlands, their 
history and use (and abuse) by humans, as well as their 
place in a healthy ecology.  
Context of the Project
The Walnut Creek Wetland Center is a 59-acre 
education and nature facility owned and operated by 
the City of Raleigh.  The site is located in southeast 
Raleigh just north of Interstate 40 and is part of the 
Walnut Creek basin, which includes much of south 
Raleigh.  The Center is located two miles from downtown 
Raleigh in the Walnut Creek floodplain, adjacent to the 
Rochester Heights neighborhood, St. Ambrose Episcopal 
Church and Carnage Middle School.  The Walnut Creek 
Greenway passes through the site.  Industrial brownfields 
are nearby, as are small commercial developments and 
neighborhoods.  Large parcels of land in the area are 
owned by the City of Raleigh and the State of North 
Carolina. 
Unlike the hilly environs of Crabtree Creek, which 
drains much of north Raleigh, the area around Walnut 
Creek consists mostly of low-lying land and hundreds of 
acres of wetlands that contribute to the Neuse River basin.
The area is very rich biologically.  Little Rock 
Creek enters the wetland from the north,  joining Walnut 
Creek.  These creeks flow together a few feet below the 
surface of the wetlands, which are marshy areas more or 
less saturated with water.  The water courses have slowly 
built up their own levees as a result of flooding.  Sediment 
deposits adjacent to the stream banks eventually raised 
the ground elevation, in some places by just a few inches. 
Drainage is often poor behind such natural levees, and 
water collects there, fed by runoff and flooding.  The 
Walnut Creek Greenway trail is located mostly on this 
slightly higher ground.
Numerous types of wildlife have been identified in 
the area.  Evidence of raccoons, ducks, muskrats, beavers, 
coyotes, mink, deer and dozens of bird species has been 
found.1  The stream course serves as a wildlife corridor, 
allowing species that are otherwise found in undeveloped 
lands to penetrate nearly into downtown Raleigh. The 
Walnut Creek wetlands were the source of many of the 
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first animal specimens collected by the North Carolina 
Museum of Natural History, contributing to the museum’s 
early renown for its particularly rich and complete 
specimen collection.2
Although the environmental fundamentals remain 
intact, the area is also very fragile.  Like many urban 
wetlands, the Wetland Center property has been abused 
for decades.  It has been used as an illegal dump by 
individuals, particularly for building debris, tires, 
furniture, and appliances.  Over time, most of the large 
trees were cut, so that shrubby undergrowth now prevails. 
In all programming for the Center, it is recognized that the 
restoration to pristine conditions will be a long process 
and perhaps an unachievable goal.
The Area Prior to the Wetland Project
Wetlands have traditionally been viewed as marginal 
areas.  While offering some opportunities for fishing, 
hunting, and trapping animals, as well as harvesting 
timber, they were otherwise considered useless wastelands 
that were for the most part impediments to agriculture and 
obstacles to travel.  Wetlands were considered unhealthy 
places that bred fevers and disease, serving as habitats 
for mosquitoes, poisonous snakes and the occasional 
alligator.
Up until the middle of the twentieth century, Walnut 
Creek and the wetlands were surrounded by farmland, 
much of it owned by African-Americans.  Clarence 
Lightner, the first African-American mayor of Raleigh, 
recalled:
My granddaddy [Calvin Lightner] had a dairy 
farm [along Walnut Creek], and after he stopped 
dealing with dairying and moved onto something 
else he literally gave the land away for housing.  
So where Rochester Heights is, Biltmore Hills, 
all that was our dairy farm. He gave [part of] it 
away for housing for black people because they 
couldn’t afford houses anywhere else. I used to 
go to the farm when I was a kid.  Well, some 
family members lived there, but we would go 
there mostly on weekends and it seemed like a 
long way, from Raleigh to the farm… but it was 
right here in town, literally.3
The neighborhoods that Dr. Lightner mentioned 
were the first mid-twentieth century suburban housing 
to be marketed specifically to African-Americans. 
Rochester Heights is a ranch house neighborhood west of 
St. Ambrose Episcopal Church and immediately adjacent 
to the wetlands and has suffered periodic flooding from 
Walnut Creek.  
Raleigh Walnut Creek Wetland Center.  Photo courtesy of Frank Harmon Architect PA.
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1996-2001:  Hurricane Fran and the Formation of 
Partners for Environmental Justice
In 1996, Hurricane Fran brought severe flooding 
to the Rochester Heights neighborhood, intensifying 
ongoing concerns by the St. Ambrose congregation over 
dumping into the wetlands and the need for flood risk 
mitigation.  Eventually through FEMA participation, 
the most flood-prone houses in Rochester Heights were 
purchased and demolished.  The State Street bridge over 
Walnut Creek was, and continues to be, a convenient 
dumping spot, with refuse plainly visible in the wetland 
around the bridge. 
Three nearby Episcopalian parishes decided to band 
together to help address the wetlands issues.  In 1998, the 
group Partners for Environmental Justice (the Partners) 
was established at St. Ambrose Church, chaired by local 
resident Dr. Norman Camp.  Dr. Camp, a member of St. 
Ambrose Church and an accomplished educator with 
long experience in environmental matters, began to think 
of the Walnut Creek wetlands in a different light, from 
a liability to an asset.  As a founding member of the 
Partners, Dr. Camp provided leadership and articulated 
the moral imperative for the restoration of the wetland. 
In addition to clearing junk and mitigating flood risks, 
the Partners saw an opportunity for the wetland to be a 
recreational, educational, and economic amenity.  Spurred 
by the group’s discussions, “Walnut Creek 2000,” the 
initial master plan for the area, was launched to promote 
the Walnut Creek wetlands as a community asset to be 
recognized and celebrated, with the ultimate goal of 
establishing an urban wetlands park.   
A significant component of Walnut Creek 2000 was 
education.  Through a grant from the North Carolina Water 
Conservation Trust Fund, the Partners engaged Robin 
Moore, professor of Landscape Architecture and leader 
of the National Learning Initiative, a research and design 
assistance program of the North Carolina State University 
(NCSU) College of Design.  The Natural Learning 
Initiative promotes children’s awareness and appreciation 
of the natural environment, through environmental 
design, action research, education, and dissemination of 
information.5  Professor Moore was tasked with guiding a 
community participation process for the development of a 
design program and master plan for a wetlands education 
park.  The development of the plan itself provided an 
educational experience by engaging an NCSU student 
team in the design process.  
The Walnut Creek 2000 initiative formed around 
ideas developed in a series of public charrettes.  The 
meetings attracted interest from a wide range of local 
citizens, NCSU and Shaw University faculty, and 
religious and secular partners from across the city.  The 
participants produced a list of goals and strategies, with 
the overarching goal of providing an environmental 
preserve that would also serve as an educational resource 
about wetlands.  
The project participants used the park master plan 
documents and brochures to advocate for the creation of a 
Walnut Creek wetland facility.  Policy makers, including 
local politicians, were the main targets of this campaign. 
The Walnut Creek 2000 leadership also used the design 
studio exhibition boards to promote interest within the 
community, the North Carolina Department of Natural 
Resources, Raleigh Department of Parks and Recreation 
and the Raleigh Parks Board, of which Professor Moore 
was then a member. 
After the conclusion of the planning exercise, 
community clean-ups were organized by the Partners 
twice a year. Tons of trash were removed from the 
wetlands, but old debris continues to re-surface.  As noted 
by area resident James Revis: 
I was one of the first members here [at St. 
Ambrose Church].  And we were also interested 
in keeping the area and environment clean. 
Twice a year, spring and the fall, we have a 
clean up where we go through the creeks; you 
Dr. Norman Camp on the Education Center:
“Well the education center is being built there 
on that property. We knew that having a facility 
owned by the city and maintained by the city 
will bring some awareness in the community 
that this is a valuable piece of property and 
should not be used for dumping trash. Also, 
there was a need to open up the whole arena 
of studying wetland ecosystems to the schools 
that surround this site. Carnage Middle School 
for instance, Fuller Elementary School, Ligon 
Middle School, and Washington Middle School, 
and the colleges that are located near by, all of 
these could benefit from some experience in the 
wild, in the environment. So it really opened up 
a vista for research and also a venue for kids to 
come and learn about wetlands and the value of 
wetlands. 
And this particular wetland, the Walnut 
Creek wetland is a special one because it’s in 
the heart of a black community that has had 
neglect in the past because of what it was, and 
what it is today. These are the things that we 
push because of history and because I have 
lived through these times and my own history. 
So we pushed hard to have this to happen. With 
my experience of coming to church here at St. 
Ambrose and jogging in this area, I understood 
the wildlife that I saw and treasured and knew 
that if we developed a wetland park here that 
other people could experience that kind of joy 
and enlightenment when they experience the 
wild creatures in an urban setting.”4 
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would be surprised by the things we pull out, 
television sets, automobile tires, and all that.  
We pile it all on the side of State Street, and the 
City picks it up and takes it to the dump.6
2002-2004:  Selecting the Site and Design Team
Out of the expansive wetland, the Partners decided 
to focus on the 59-acre area owned by the City of Raleigh 
and managed by the Raleigh Department of Parks and 
Recreation.  Nearby wetlands properties were owned by 
the State, among others, and had confused title issues, 
so the City-owned property proved to be the easiest to 
program.  The City of Raleigh, also, was an eager partner 
in the project.  The funds for the project were approved by 
Raleigh citizens in the 2003 Parks and Recreation Bond 
Referendum.
2005-2010:  Design, Construction, and Grand Opening
The City Council approved the project in July 2005, 
with a budget of $1.2 million.  The wetlands were funded 
in part by $500,000 in N.C. Clean Water Management 
Trust Fund money. 
The design team for the Center included Frank 
Harmon, architect; David Swanson, landscape architect; 
Design Dimensions; and the National Learning Initiative. 
Cynthia Rice, landscape architect, later joined the 
team.  The team produced a schematic design.  The only 
challenges during the design and construction of the 
building involved the building’s response to the wetland 
site.  Building above the ground on piers is not common 
in the Piedmont of North Carolina, which drew some 
concern from the City and Wake County about how 
emergency response vehicles could access the building.
In July 2009, the Walnut Creek Wetland Center 
officially opened.  The building has about 6,000 square 
feet of enclosed space, plus 1,200 square feet of deck 
overlooking the wetland.  The building contains a wet lab 
area, conference space, library, office, spaces for about 
three full-time and three part-time staff, and a display 
gallery.  All of the rooms are primarily accessed from 
the deck rather than through internal circulation, thereby 
encouraging visitors to go outside and participate in the 
environment.  
By design, the building responds directly to the site. 
Built on slender piers, any flood waters will pass relatively 
unobstructed below the structure.  The building relies on 
natural lighting, and each room receives daylight from 
at least two directions.  The narrow south-facing form, 
with a deep roof overhang providing shade in summer and 
sun in winter, allows the building to be opened for cross-
ventilation during the temperate seasons of the year.    
Evaluation and Next Steps
The stated mission of the Walnut Creek Urban 
Wetland Center is to promote understanding and 
protection of an urban wetland, enhance community 
pride, and encourage economic development. 
The Center operates in a very hands-on, participatory 
manner, with volunteers providing valuable help.  This 
involvement endows the facility with a strong underlying 
moral presence in the community.  With its history as a 
flood-prone dumping ground in an African-American 
community, the new Center shows that citizen initiative 
and ongoing support, with cooperation from the City of 
Raleigh, could produce something of pride in a previously 
neglected area.
The Center is the first “education” park in the 
Raleigh parks system.  In an early educational initiative, 
a field guide for the Center was prepared by students 
from Exploris Middle School; they also compiled an oral 
history of people who had experiences with the wetlands, 
and these materials are now used at the Center.  The Center 
is an example of a successful grassroots project with 
multiple community partners, including NCSU, the North 
Carolina Museum of Natural Science, Keep America 
Beautiful, local schools and churches, and many others. 
Hundreds of volunteers are involved in clean-ups and 
Exploris Middle School’s wildlife guide to the wetland center. 
Photo of cover image courtesy of James Brantley.
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promotional, fund raising, and advocacy activities.  The 
park is the most accessible environmental education and 
nature-based recreation resource in the city and provides 
an amenity for a previously underserved population in the 
neighboring community. 
Like most park projects, the Wetland Center will 
evolve in phases as additional funds and opportunities 
become available.  Due to its location, the Center is a 
crucial link in the overall Raleigh greenway plan.7
Access to the wetland is currently limited to the 
Walnut Creek Greenway which passes through the site, 
but eventually the wetlands will also be accessible via its 
own trail and boardwalk system.  As the greenway system 
continues to expand and evolve, direct connections will 
be available to downtown Raleigh and Pullen Park.  The 
Walnut Creek greenway between NCSU’s Centennial 
Campus and the Worthdale area in southeast Raleigh, a 
distance of about five miles, will be complete by 2012.
The planning and construction of the Center 
demonstrates the long-term payoff of volunteer efforts 
to coordinate a multi-stakeholder group. Continuity of 
leadership has been crucial. It will be interesting to see 
how fast and to what degree the park stimulates economic 
development nearby. 
Special thanks to Robin Moore from the NCSU College of 
Design, who provided a valuable timeline of the project; 
Dr. Norman Camp; Frank Harmon and Erin Sterling 
(Frank Harmon Architect, PA); Frank McKay (Exploris 
Middle School); Vic Lebsock (City of Raleigh Parks); 
Tiffany Frost (Walnut Creek Wetland Center); and 
Margaret Cotrufo (North Carolina Museum of Natural 
History).
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 My purpose is to communicate a framework for 
thinking about relationships between healthy childhood 
and the urban environment in such a way that the intimate 
scale of settings of children’s daily lives are seen as a design 
opportunity within the broader context of city planning 
policy.  The background question is one I have worked with 
for decades: How can urban form and content be designed 
in favor of healthy child development?  To focus attention 
on children and nature in the urban environment, in 2000 
I founded the Natural Learning Initiative at the College of 
Design, N.C. State University with Dr. Nilda Cosco.
Background
 While in graduate school in the 1960s, I pursued ideas 
about design as a process of generating form from human 
development objectives.  By good fortune, a classmate 
working with the Boston Redevelopment Authority (BRA) 
connected me to their community development staff.  As a 
step towards repairing their tarnished community image, 
the agency was considering building a playground on a 
one-third acre public housing site in Lower Roxbury, a 
predominantly African-American Boston community. 
Fortuitously, I found myself at the three-way intersection 
of child development, built environment, and participatory 
design.  My aim was narrow.  I wanted to work with a 
group of kids as the foundation of healthy community 
development, to build a space to serve their daily needs for 
outdoor play – which the literature indicated to be a crucial 
aspect of healthy child development.
Lenox-Camden playground
 The Lenox-Camden Experiment in Playground 
Design enabled me to develop research methods and 
produce a thesis (Hurtwood, 1972, pp. 72-79).  In the 
process, I learned about the daily life of children in a 
low-resource urban community, about how the physical 
Designing Green Urban Carolina Childhoods: 
Theory and Practice
Robin C. Moore, ASLA
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environment afforded play opportunities – and how those 
offerings could be expanded by design.  I began to learn, 
too, about the power of community and how to harness 
the ideas of residents as the basis of effective design 
decisions.  The adolescents wanted a basketball court. 
Seniors wanted a comfortable place to hang out with 
peers and grandchildren.  The community at large wanted 
a meeting place.  The “playground” indeed became a 
community commons in the Karl Linn (2008) sense – first 
and foremost as a place for city children, where I was able 
to investigate their behavior in relation to different types 
of designed play settings.
 Lenox-Camden was built, literally, for a few 
hundred dollars cash and huge amounts of sweat equity. 
Over time, the space became a place in the sense that 
a vacant, unused city lot was transformed into a well-
used, highly valued place in the community.  Use was 
calibrated by daily counts of different types of activity, 
in itself an expression of value, added to which were 
positive anecdotal references by mothers and children. 
Lessons learned included the role of advocacy planning, 
the possibilities of local partnerships coalescing around 
the needs of children and families, and how community 
energy could be focused on improving their environment. 
I also learned something about the challenge of advocating 
for children’s creative play and the types of environmental 
qualities needed to support it.  Lenox-Camden led to the 
Environmental Yard Project in Berkeley, California, with 
education and learning at the heart of the project.  This 
became the basis for the book, Natural Learning (Moore 
and Wong, 1997), which led to the founding of the Natural 
Learning Initiative (NLI) at N.C. State University, College 
of Design,1 where we are still involved in community 
design related to children and family environments.
Childhood Use of the Urban(izing) Landscape (CUULS)
 Many of the projects on which NLI works today are 
based on principles derived from the Childhood Use of the 
Urban(izing) Landscape (CUULS) project, a late 1970s 
project I led.  The CUULS project explored children’s 
independent mobility – a complex factor in children’s 
lives (O’Brien et al., 2000; Barker et al., 2009; Mikkelsen 
and Christensen, 2009).  It aimed to answer the question: 
“Under various urbanization conditions, when children are 
not at home and not at school, where do they go, what do 
they do, and how do they assess the local landscape they 
actually use?”  The Bay Area CUULS sample (N=256) 
was distributed equally across an “ecotransect” of five 
urban conditions ranging from central city to rural small 
town (Moore, 1980).  The English sample (N=96) was 
distributed equally among three urban neighborhoods: 
big city (London), new city (Stevenage New Town), and 
old, industrial city (Stoke-on-Trent) (Moore, 1986).
 The intent was to understand the effect of urban 
density and physical morphology on dimensions of 
children’s development assessed through their freely 
chosen spontaneous play settings.  The effect of culture 
and parental controls on the breadth and depth of children’s 
local environmental experience was also explored.  The 
studies employed a convenience sample of equal numbers 
of girls and boys 8 to 12 years old, stratified by urban 
context.  The age group reflected literature on children’s 
autonomy and maturity levels for independent mobility. 
Eight years old appeared as the lowest feasible age for 
independent mobility (Prizza et al., 2001).  Twelve was 
chosen as the upper, pre-teen limit, before the onset of 
puberty, when interests in the external environment tend 
to be replaced by concern for self-identity, youth culture, 
and peer group social acceptance.  Data were gathered 
using a questionnaire administered to children (in school) 
and parents (at home), “mental maps” drawn by the 
children (at school), and field trips led by a subsample of 
“expert” children selected on the basis of richness of their 
responses to both the questionnaire and drawing.
Developing a Childhood Environment-Behavior Model
The socio-ecologic model
 The CUULS project used a multi-level “social-
ecologic” model, based on the one formulated by Urie 
Bronfenbrenner (1979), for understanding relationships 
between the built environment and child development 
factors.  Bronfenbrenner well understood the importance 
of including the built environment and encouraged others 
to apply the model as a policy framework at multiple 
levels (from family to international factors) and varied 
sectors (health, education, recreation, urban development, 
etc.).2  The four levels of the model can be applied to 
design policy as follows.
 Microsystems include the day-to-day settings 
inhabited by children and the psychosocial relations 
they support.  Typical environments include home, 
childcare, school, streets, playgrounds, parks, and other 
neighborhood micro spaces.  NLI mainly works within 
these systems and conducts research, which may influence 
the mesosystems that may affect the microsystems.
 Mesosystems include community and local level 
social structures, organizations, education policies, urban 
development regulations, zoning, etc., that may influence 
microsystems or be influenced by them.  North Carolina 
is known for its progressive child development systems, 
specifically the Partnership for Children or Smart Start, 
launched under the leadership of former State Governor 
Hunt.  NLI works directly with this system, which 
provides an influential platform for NLI to effect change 
at the micro level.
 Exosystems include societal, economic, legal, 
political, and religious institutions, etc., that may 
influence mesosystems or be influenced by them.  NLI 
has benefited from national research funding systems 
such as the National Institutes of Health and private 
philanthropic organizations such as the Robert Wood 
Johnson Foundation.  In theory and hopefully in practice, 
the results of NLI-sponsored research at the microsystem 
level, together with the published findings of allied 
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research efforts, will influence policy at local and national 
levels.
 Macrosystems include global economic, legal, 
political, religious institutions, etc., that may influence 
exosystems or be influenced by them.  The U.N. 
Convention on the Rights of the Child (CRC, 1989) is 
an example of a significant international treaty affecting 
childhood policy and provision serving as an important 
frame of reference for NLI – for example, Article 31, 
which recognizes the child’s right to have play, recreation, 
and cultural experience.
 The cronosystem, the fifth dimension, runs vertically 
through all four levels and signifies the temporal factor 
common to all ecosystems, which by definition are 
constantly changing and adapting to new circumstances.
 The utility of the socio-ecologic model derives from 
its ability to connect policy to the specifics of children’s 
environments and institutions.  Investigators working in 
the interdisciplinary field of health and environment have 
used the socio-ecologic model to frame issues in such a way 
that a variety of disciplines are able to apply their expertise 
to a common, problem-driven research agenda (Stokols, 
1992).  An example of application is street systems, which 
are usually designed without full regard to pedestrian 
use, particularly of children whose means of independent 
locomotion is limited to feet, bikes, and skateboards. 
Children’s ability to move freely and safely with peers 
around the micro-system of neighborhood settings, by 
walking or biking to and from school and engaging in 60 
daily minutes of healthy physical activity as recommended 
by the Centers for Disease Control 
(2008), is severely limited by 
antiquated street engineering. 
Street design standards constitute 
a macro-issue, which directly 
limits territorial range and the 
child health affordances of urban 
neighborhoods (as discussed 
below).
Territorial range development
 Factors affecting children’s 
territorial range were articulated 
by Roger Hart (1979) as an 
outcome of research of children in 
a small New England town.  The 
CUULS project explored these 
factors further in the urban context 
(Moore 1980, 1986).  Territorial 
range development recognizes 
that maturing children make sense 
of their expanding world through 
direct experience, including 
learning spatial skills (Moore and 
Cooper Marcus, 2008; Moore and 
Young, 1978; Hart, 1979).  This 
potentially dynamic relationship 
with the environment can be supported by design so that 
children are constantly expanding their known world: first, 
with accompanying adults; and later, through independent 
mobility, usually with peers or “best friends” (Moore, 
1986).  For this to happen, spaces must be designed 
with extendable boundaries so children are constantly 
challenged to take safe risks through which they can 
learn.  Higher levels of environmental diversity will offer 
a wider range of challenges and discoveries to children of 
multiple ages and experience.  Such environments should 
hold a child’s attention through repeated visits.
Behavior setting
 Behavior setting is a concept developed originally 
by Roger Barker (1979) to describe the weekly routine 
or “standing patterns” of behavior of inhabitants of a 
midwestern town.  Although explication of the full theory 
is quite complex, in essence it suggests that in daily 
life individuals and groups follow repeated patterns of 
behavior in space and time.  As defined by Barker and 
his colleagues, behavior settings consist of predictable 
relations between objects, people, and events.  As the 
concept connects components of the physical world 
(objects) to behavior (people and events), it is very 
useful for urban designers.  It provides a means for 
disaggregating environments into their functional parts 
and can be applied in both research and design related to 
children (Moore and Cosco, 2007). 
 Behavior mapping data can be used to assess the 
behavioral value of different types of child behavior 
Heritage Park Natural Learning Area.  Community social setting.  Photo courtesy of 
Robin Moore.
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setting (Cosco, Moore, and Islam, 2010; Moore and Cosco, 
2010).  For example, empirically established levels of use 
of different settings can be compared to investment costs 
and provide facility managers with information to shape 
management decisions. In park systems, for example, the 
effectiveness of a playground can be measured in relation 
to its settings (manufactured play equipment, sand pit, 
water play setting, pathways, social gathering spots, open 
lawn settings, formal games areas, and so on), compared 
to measuring behavior in the play area overall. Setting-
based data can guide managers more exactly about where 
to invest scarce public dollars.
Affordance
 Affordance is a concept developed by James Gibson 
(1979).  Affordances are the detailed features of settings 
that individuals, including children, “read” in ways that 
motivate action (Heft, 2001, p. 297).  Affordances are 
functional properties that exist as relationships between 
users and environments and help us understand which 
particular attributes of a setting motivate which particular 
types of behavior.  For children, these relationships 
are highly dynamic as new affordances are constantly 
discovered from the total potential or “unrealized” 
affordances of a given setting.  Adults may perceive a tree 
as an object of beauty; children will see it as “climbable” 
(or not); on a hot day both groups may see it as affording 
shade.  On a winter’s day the same children may respond 
to the affordance of “kickable” fallen leaves.  As children 
pick up such information afforded by the layout, objects, 
and events in behavior settings, they learn the possibilities 
for action that over time become embodied knowledge 
expressed in habitual behaviors. 
 If a health objective of urban design policy is to 
attract children to spend more time outdoors engaged 
in physical activity, then policy could be driven by an 
understanding of which behavior settings and attributes 
afford that type of behavior.  In this regard, the Lenox-
Camden playground experiment demonstrated that 
manipulable settings afford diverse activities and attract 
diverse groups of children for longer periods of time.  This 
type of “adventure play” activity using scrap material and 
discarded objects was measured in hours versus minutes 
of activity on fixed equipment (Moore, 1974).  Empirical 
evidence identifying affordances can provide valuable 
source data for designers by focusing attention on the 
detailed features and characteristics of components that 
motivate user behavior. 
 Together, territorial range development, behavior 
setting, and affordance provide a trio of closely linked 
environment-behavior constructs (Heft, 2001; Gibson and 
Pick, 2000; Gibson, 1979), which may begin over time to 
generate an evidence base for childhood urban design and 
offer a basis for measuring its effectiveness as a “layer” in 
the digital design system along with layers that delineate 
related systems (pathways, vegetation, surface drainage). 
Kids Together Playground, Entry Plaza.  Cary, N.C.  Photo courtesy of Robin Moore.  
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Design programming
 Design programming is the process that includes 
creating the “childhood layer,” which has been developed 
by NLI in the last 10 years as the outcome of participatory 
design processes linking stakeholder objectives and 
user needs to designed settings.  To generate schematic 
designs, user needs are interpreted into behavior settings 
and affordance attributes described in detail.  Prior to 
face-to-face participatory workshops, online surveys 
are used to gather reliable stakeholder information from 
representative groups, including those otherwise unable 
or unwilling to attend face-to-face workshop meetings.3  
 Community-based design programming serves 
as a project focus, bringing key stakeholders and user 
representatives together during an intense, short-lived 
decision-making period.  If the process becomes spread 
out so that design decision-making is diffused, clarity of 
program vision is likely to be lost.  On the other hand, 
for many projects, while funds are raised, a temporal 
lapse occurs between the end of the design programming 
and schematic design phase and the beginning of design 
development and construction.  A completed design 
program provides crucial continuity, so that during 
this period continuity of vision is supported for both 
the community and the client group, even though the 
individuals involved may change. 
 For small-scale projects such as childcare centers 
and schools, with highly detailed programs serving many 
functions that directly serve the stakeholders (educators 
and children), a hands-on design workshop can save 
time – a scarce resource for educators and for other 
stakeholders involved.  Using construction paper cutouts, 
a design can be rapidly created as directed by the design 
program – even in a single day.
Carolina Case Examples
 Following are four selected NLI North Carolina 
urban projects that exemplify the design programming 
process focused at the micro- and meso-system level, 
emphasizing the grassroots character, but also noting exo-
system influences and issues.
1. Walnut Creek Wetland Park and Urban Wetland 
Education Center, Raleigh, N.C. (See the NCAPA 
piece, “A Study in Community Action for Environmental 
Protection: The Raleigh Walnut Creek Wetland Center,” 
in this issue.)
 This 59-acre wetlands and flood plain woodlands is 
the first “education” park in the Raleigh parks system. The 
project began in 1998, when Partners for Environmental 
Justice (PEJ) engaged the author and his landscape 
architecture graduate design studio to create a vision 
for the 300-acre Walnut Creek wetlands. Later, a design 
program and conceptual master plan4 was developed by 
NLI, followed by several years of advocacy.  As a member 
of the Raleigh Parks and Recreation Citizen’s Board, the 
author was able to facilitate board cooperation with PEJ. 
A brochure summarizing the design program and master 
plan promoted the project. Eventually the lynchpin Urban 
Wetlands Education Center was built. Meanwhile, the 
Urban Wetland Park remains to be recognized as a unit 
within the Raleigh parks system.
2. Kids Together Playground, Marla Dorrel Park, Cary, N.C.
Urban context
 First phase of the new, 11-acre Marla Dorrel 
community park (under development). Adjacent to 
suburban housing development and shopping mall.  Highly 
accessible from main highway connecting Raleigh and Cary. 
Current terminus of Cary greenway, so highly accessible to 
cyclists (see “If You Build It, Will They Come?  Measuring 
Greenway Usage in Cary, N.C.,” in this issue). 
Significance
 Model, universally designed, naturalized family 
recreation area. Designed with extensive community 
participation, including families with children with 
disabilities.
Design process summary 
 1993 Commissioner Bruce Brown invites Robin 
Moore to present ideas for a “playground for all children” 
to the Cary Parks and Recreation Commission.  Robin 
Moore invites Little & Little, Landscape Architects, to 
collaborate in preparing an initial proposal for design 
services to the Town of Cary.
 1994 Schoolgirls Kristy Holcombe and Helen 
Rittelmeyer (who had siblings with disabilities) raise 
money for a playground to include kids with special 
needs.  Their first craft sale raises $1,300.  “Playground 
for All Children” Community Design Stakeholder Design 
Workshop is held in two sessions for adults and children.
 1995  Robin Moore develops a Master Plan based 
on workshop ideas.  Kristy and Helen present the Town 
of Cary with $1,000, raised by selling crafts, used toys, 
raffle tickets, and baked goods. (Eventually, the girls 
raised $12,000, an additional $270,000 was contributed 
by donors to the park’s nonprofit organization, and the 
remainder for the $850,000 park was contributed by the 
Town of Cary.)  Marla Dorrel (former teacher, future Cary 
Town Council member) emerges as the indefatigable 
coordinator/fundraiser (together with Kristy and Helen).
 1996  Kids Together 501(c)3 nonprofit organization 
is formed.
 1997 Fund raising includes “Reach for the 
Stars” small change drive, which collects $1,307.  The 
$100,000 funding milestone is reached.  A Kids Together 
design workshop is held to begin Design Development 
of Phase I.  Little & Little is authorized to proceed on 
Phase I construction documents.  The first meeting of the 
Development Committee is held.
 1999  Groundbreaking.  Construction begins.
 2000  Volunteers erect play structures and participate 
in a Community Planting Day.  Kids Together Park 
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officially opens.  “Name the Dragon” contest is launched; 
children send in entries; KATAL (Kids Are Together At 
Last) is selected.  Cary Visual Arts present KATAL dragon 
play sculpture by William Moore to the Town of Cary.
 2001 (June 3).  First annual playground birthday 
celebration and Play-a-Thon is held to continue raising 
money.  Park continues to adapt to the needs of the 
community with improvements in equipment and 
additions to the landscape plantings.  Community groups 
begin offering a variety of weekend programs. 
 2007 Town of Cary permits an ice cream stand to 
conduct business at the playground entrance.
 2008 The larger community park’s 11-acre area is 
dedicated as the Marla Dorrel Park.
Design
 Type:  New construction.  Substantial landscape 
intervention to create topographic form. 
 Principal elements:  Entry sequence (parking, 
driveway, pedestrian access).  Picnic shelter/bathroom 
building.  Basketball court adjacent to parking, outside 
of main park area.  Connection to Cary greenway system. 
Curving, intersecting primary pathway system.  Three 
contrasting play areas: vertical, compact play structure; 
dispersed, horizontal play structure; playhouse area 
for families with young children.  KATAL dragon play 
sculpture.  Resting and social gathering spots (also public 
art interventions).
 Behavior settings: More than 30 individual settings 
are identified through behavior mapping; these are 
grouped into 12 main types of play setting. 
 Challenges: Raising sufficient funds to complete the 
playground in a single phase.  Resolving the issue of a 
delineated wetland boundary.  Resolving the boundary 
with adjacent residential development to avoid NIMBY 
reaction.  Generating a discussion of programming potential 
for the playground, i.e., ensuring that in the future it would 
be possible to accommodate programming staff – either 
from the municipality or from external groups.
 Key decisions:  Choosing standardized manufactured 
play equipment or custom-designed settings.  For reasons 
of cost and liability, the former approach was taken. 
KATAL dragon is a major custom-designed setting; it 
constitutes public art rather than play equipment.  A water 
play feature was originally eliminated from the program 
because of water conservation issues in Cary at the time. 
Now re-instated (2010).
 Evaluation:  A post-occupancy evaluation was 
published (Moore and Cosco, 2007).  Behavior mapping 
demonstrates variable use by setting.  Nearly three-
quarters of use (72%) occurred in only five types of 
setting (composite play structures, swings, pathways, 
gathering settings, sand play).  Social gathering settings 
are well used.  Family visits with the member with a 
disability demonstrated the complexity of “universal 
design” and “accessibility” issues.  The main attraction 
is not specifically “accessible equipment” but the social 
ambiance, ease of movement around the space, feeling 
of nature, and shade.  A high level of naturalization 
(affording shade and aesthetic appeal), combined with 
ample social gathering settings, most likely explains why 
the playground is so popular, attracting multiple visits – 
including visitors from across the county. 
3. Natural Learning Area, Heritage Park, Raleigh, N.C.
Urban context
 The Natural Learning area is located on a 1.5-acre 
remnant site adjacent to the Raleigh Housing Authority 
Heritage Park public housing community center.  It is open 
to the immediate housing community but was developed 
specifically to serve the needs of children, particularly 
those enrolled in the child development and after-school 
tutoring programs.
Significance
 The park is an example of how a small, unused 
“leftover” space can be transformed into a useful 
community outdoor facility to support existing, 
innovative, community-based education programs.
Mission: To create a Natural Learning Area to serve the 
Heritage Park Community and the programs based in the 
community center.
Design process summary 
 2001  NLI is approached by the Junior League of 
North Raleigh (JLNR) to assist with a project to create 
a diverse outdoor natural learning area (NLA) to serve 
the needs of the Community Learning Centers (CLC) 
program.  JLNR commits the bulk of projected costs.
 2002  Design workshops are held with community 
stakeholders and children.  A design program is developed. 
The overall phased master plan is developed by NLI.  A 
groundbreaking ceremony is conducted with the Raleigh 
City Mayor, Raleigh Housing Authority leadership, JLNR 
leadership, CLC leadership, and other community leaders.
 2003 Harriet Bellerjeau, landscape designer, is 
appointed to produce construction drawings and provide 
site supervision.  Work advances slowly while additional 
fund-raising is conducted.  The need for a new entry to 
the community center, to connect directly to the NLA, 
is discussed and funding is secured (an addition to the 
original scope).
 2006  Phase one construction is completed.  Trees 
Across Raleigh with N.C. State “Service Raleigh” students 
organizes an autumn tree planting with plant material 
donated by a local nursery.  The project is dedicated 
through a ribbon-cutting event.  The community garden 
remains to be implemented.
Design
 Type:  New construction in a remnant space adjacent 
to the existing community center in a 1970s public 
housing development. 
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 Principal elements:  An existing community center 
with a new doorway connecting a classroom to the NLA. 
A curving, concrete pathway system connecting to other 
new NLA entrances.  An existing basketball court.  A 
central multipurpose lawn.  A pergola for gatherings.  A 
preschool play area.  Diverse natural exploration settings. 
A community garden and spray play water area (phase 2).
 Behavior settings:  Based on results of workshops 
with children and stakeholders, 13 settings were included 
in the master plan.
 Challenges:  Understanding access and circulation 
issues, including accessible routes, for different user groups 
of the community center to ensure children were secure in 
the NLA during open hours.  Raising sufficient funds to 
complete the project (beyond substantial commitment of 
JLNR).  Achieving a feasible management plan for the 
new landscape without an institutional precedent.  Getting 
the community garden off the ground without help from a 
local community garden technical assistance organization – 
still waiting to be implemented.
 Key decisions: Creating separate entry and 
circulation routes for different user groups.  Delineating 
project boundaries, fence lines, and a phasing plan. 
 Evaluation:  Future evaluation measures: number 
and diversity of programs and participation rates by 
residents and other user groups.  Number and diversity of 
informal users of NLA by setting type.  Interviews with 
community and JLNR leaders and community children.
4. Edible Schoolyard, Greensboro Children’s Museum, 
Greensboro, N.C.
Urban context
 The Edible Schoolyard is a teaching garden and 
kitchen located at the Greensboro Children’s Museum 
(GCM), which was founded in 1999 in downtown 
Greensboro within the developing Cultural Arts District. 
The Edible Schoolyard’s 0.6-acre facility is the first 
phase of a plan to develop outdoor play and learning 
environments in the four acres surrounding the museum 
(housed in a former automobile showroom and currently 
attracting 130,000 visitors annually).
Significance
 GCM is the first children’s museum in the country 
to have an officially licensed Edible Schoolyard, which 
directly addresses the national childhood nutrition crisis 
(N.C. is the 16th-ranked state in obesity rates) through a 
hands-on “seed-to-table” teaching garden.  The facility is 
modeled after the original Edible Schoolyard at Martin 
Luther King, Jr. Middle School in Berkeley, Calif., 
founded in 1995 by Alice Waters, owner of the Chez 
Panisse restaurant and promoter of organic, local farming 
principles.  The schoolyard is an example of a successful 
grassroots project with multiple partners, including the 
Chez Panisse Foundation, N.C. State University, local 
farm-to-table restaurants, the Greensboro-area slow 
food movement, and many local businesses and civic 
Heritage Park Natural Learning Area.  Children’s design workshop facilitated by NLI.  Photo courtesy of Robin Moore.
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organizations engaged in forging a new cultural direction 
for Greensboro – including owners of the first Platinum 
LEED hotel in the U.S. (see “Student Connection,” in 
this issue).  Scores of volunteers were involved in fund-
raising activities. 
Mission: The mission of the Edible Schoolyard is to 
create a natural, playful environment for the exploration, 
discovery, and preparation of edible plants, and the social 
experience of eating together; and to engage the regional 
organic farming, restaurant, and educational community 
in supporting the Edible Schoolyard as a sustainable 
enterprise.
Design process summary 
 2006  GCM engages in an intensive strategic planning 
process to develop an Educational Plan, which contains the 
objective to develop a teaching garden and kitchen. 
 2007  Melanie Soles, Chair of the GCM Board 
of Trustees, initiates the project.  Betsy Grant (former 
Executive Director of Lynn Meadows Discovery Center, 
Gulfport, Miss.) is hired as the new CEO to implement the 
Educational Plan. 
 Discussions are initiated with the Chez Panisse 
Foundation to develop an Edible Schoolyard.  NLI is 
appointed to develop a conceptual master plan for the 
museum’s outdoor environments, including addressing 
access issues from the immediate surroundings.  The 
access plan receives Board approval.  The area north of 
the museum building is selected as the Edible Schoolyard 
site.  The south area is selected as the Outdoor Play and 
Learning Environment for later development.
 2008  The schematic design by NLI is approved 
by the Board.  Carla Delcambre, ASLA, is appointed to 
develop construction documents with David Swanson 
Associates, Executive Landscape Architect.  The project 
is delayed because of the economic recession.  J. Hyatt 
Hammond Associates is appointed as the construction 
supervision architect. 
 2009  Groundbreaking and three-day, multi-pronged 
fundraising extravaganza is held, with guest of honor 
Alice Waters.  Dozens of volunteers, local organizations, 
civic organizations, and political leaders are involved. 
Construction of Edible Schoolyard is underway.  Staff 
are appointed: Charlie Headington, Ph.D., permaculture 
expert, Director; Eleanor Farlow, B.S., Garden Educator; 
Anne-Marie Scott, Ph.D., R.D., Kitchen Educator.
 2010 (May 22)  Edible Schoolyard opens.
Design
 Principal elements: Entrance from the existing 
museum building.  A curving, primary pathway.  An 
existing commercial indoor kitchen and adjacent outdoor 
dining patio.  An outdoor kitchen and covered dining 
Edible Schoolyard on opening day (May 22, 2010) showing vegetable beds, central “ramada” meeting place (left), 
and main entrance pergola from museum building (right).  Photo courtesy of Robin Moore. 
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area in a converted small barn.  Outdoor classroom with 
composting facilities, tool shed, potting facilities, and 
materials storage.  Central “ramada” gathering area. 
Chicken house.  Pizza garden with accessible beds and 
an outdoor mud oven.  Mud Café.  Infant/toddler garden. 
Pond.  Rain water harvesting and re-use irrigation system. 
Planting beds with secondary and tertiary pathways. 
Fruiting trees and extensive, vine-covered pergolas and 
arbors to provide shade.
 Behavior settings: Sixteen distinct learning areas 
are included in the final design, along with the system of 
planting beds, which will afford a diversity of learning 
opportunities according to programs being offered and 
the season of the year.
 Challenges:  Getting the design implemented on the 
ground.  Raising sufficient funds for the “minimum viable 
project” so the program could be launched. 
 Key decisions: The top layer of poor soil was 
removed and replaced with high-grade top-soil and 
organic compost.  The strategy also extracted highly 
invasive, problematic Bermudagrass. 
 Evaluation: Future evaluation measures: number 
and diversity of programs and participation rates. 
Income generation by programs, special events, and 
rentals.  Number and diversity of informal users of Edible 
Schoolyard by area type.  Measures of nutritional and 
science learning behaviors.  Assessment of market reach 
of programs and users.  Longitudinal study of impact of 
programs on positive changes in nutrition behavior such 
as in food shopping, food production, and eating behavior.
 Long-term goal: To affect statewide community 
nutrition education policy and provision in relation to 
early childhood, school populations, and residential 
neighborhoods.
Promoting Children’s Environments within North 
Carolina Urban Development Policy
 Each successful NLI project reflects the vision and 
persistence of an individual within a larger community 
organization, often supported by a larger group of 
volunteer citizens.  Typically, several and sometimes 
many fundraising years are involved before the project 
becomes a built reality.  How can this level of performance 
be improved to the point where North Carolina becomes 
an undisputed leader in the development of healthy urban 
childhood environments?  A review of North Carolina 
developments that are directly or indirectly related to the 
built environment may provide a useful record of success 
and a frame of reference for positioning future action.
 
Statewide initiatives 
 North Carolina exhibits extraordinary leadership 
potential for demonstrating new and necessary attention 
to children- and family-focused built environments.  The 
state has been a leader in early childhood development 
for many years, beginning in 1993 with the creation of 
the N.C. Division of Child Development and the North 
Carolina Partnership for Children (Smart Start) under the 
leadership of then-Governor Jim Hunt. 
 Because of the early leadership in developing 
early childhood policy from the practical perspective of 
children’s development, it makes sense to address early 
childhood development separately from the broader 
childhood realm.  This is significant for urban planning 
because it is a sector of government with a multifunctional 
spatial mandate and an ability to link the behavioral 
needs of users to performance requirements of the built 
environment.  If the early childhood connection is not 
immediately obvious, let us remind ourselves that the 
location of childcare facilities is crucial to the daily home/
work activity pattern of commuting parents with young 
children.  Moreover, families need to engage in outdoor 
lifestyles to maintain good health (Centers for Disease 
Control, 2008).  In the public realm, are there settings 
offering early childhood-friendly affordances?  Are they 
provided in the streets and other public-realm settings 
in residential neighborhoods – in community parks, for 
example? 
 Outdoor Learning Environments (OLE) Alliance: In 
2006, a substantial network of early childhood professionals 
launched the OLE Alliance to focus on improving the 
quality of outdoor environments in childcare centers across 
the state through advocacy and professional development. 
Many conference presentations, workshops, and advocacy 
initiatives have been offered since.
 Preventing Obesity by Design (POD): Building on 
the successful efforts of the OLE Alliance and beginning 
with a 2008 pilot project (now in partnership with Smart 
Start, with support from the Blue Cross Blue Shield 
Foundation of N.C.), NLI is leading an intensive statewide 
grassroots effort to get childcare children to spend 
more time outdoors.  The strategy involves improving 
the physical quality of childcare center outdoor areas 
along with professional training of teachers to provide 
skill development and resources for outdoor play and 
education.  Model demonstration and training sites are 
being developed in selected counties across the state.
 The North Carolina Children and Nature Alliance 
(NC CAN): A broad group of statewide stakeholders 
gathered in April 2008 at the N.C. Zoo for a Leave No Child 
Inside Conference to look at cooperative efforts to promote 
getting children outdoors and connected to nature.  At a 
second meeting in Raleigh in September 2008 – facilitated 
by Allen Cooper, a policy consultant from the National 
Wildlife Federation – a steering committee was formed to 
develop a draft vision, mission, goals, and organizational 
structure, which was presented at the second statewide 
stakeholders meeting in February 2009.  Participants 
endorsed the establishment of NC CAN (an affiliate of 
the national Children and Nature Network) and developed 
a draft strategic plan, which was endorsed at the third 
statewide meeting in March 2010.  A proclamation signed 
by N.C. Governor Bev Perdue was presented. 
 Links to these organizations and other statewide 
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health promotion initiatives with potential built 
environment dimensions are listed below.5
National initiatives
 Two national initiatives may offer a direct, positive 
urban design impact on children’s environments.
 Leadership in Energy and Environmental Design-
Neighborhood Development (LEED-ND):6 Just as LEED 
for buildings has so rapidly become the benchmark for 
“green building,” LEED-ND – which defines a set of 
standards “beyond the building” – is likely to become 
the most significant frame of reference for wise practices 
for the built environment.  The next step must be to 
assess the LEED-ND standards in relation to the needs 
of children and families as they may be applied to the 
built environment in the Carolinas.  Such an exercise was 
conducted by a national group of interested parties and 
submitted to the LEED-ND committee during the final 
public comment period.
 The Sustainable Sites Initiative (SSI):  This equally 
important current achievement through a partnership 
between the American Society of Landscape Architects 
(ASLA), the U.S. National Botanic Garden, and the Lady 
Bird Johnson Wildflower Center focuses attention on the 
most common scale of landscape architecture practice 
(the site) and therefore also the scale most relevant to 
children and families.7  Of particular note, in contrast to 
the LEED-ND, the SSI highlights the social context and 
social value of sustainability.  In other words, SSI frames 
sustainability as a socio-cultural issue that must address 
built environment sustainability performance objectives 
that can be technically addressed by landscape architects. 
Again, the SSI must be translated into recommendations 
related to the needs of children and families, particularly 
naturalization components for play and learning.  In this 
form, the SSI will provide North Carolina communities 
with a frame of reference for integrating the needs of 
children and families into landscape architecture practice.
Modifying development codes: As we know, out-of-date 
municipal development codes are sometimes in conflict 
with best practice as defined by newly emerging standards 
of best practice for sustainable development.  Many 
efforts are underway to reform “the code” as it currently 
exists, including in the City of Raleigh.8 
Professional development: Re-thinking the role of cities, 
the re-emergence of urbanism as a positive cultural 
discourse, and the rapid pace of adoption of “green 
building” and sustainable development goals reinforces 
a sense that “now is the time” for reviving and reframing 
a discourse about children, families, and the built 
environment – particularly in urban planning.  Hence, in 
2008 NLI launched the Growing IN Place Symposium 
(www.naturalearning.org).
Engaging children and youth in the process: Involving 
the potential users in community design projects has 
become standard practice in progressive design firms 
and forward thinking public institutions.  Professional 
expertise and best practice guidelines have consequently 
grown, including recent publications from the Growing 
Up In Cities international program (Chawla, 2000; 
Driskell, 2002).  The latter publication offers an up-to-
date compendium of approaches and methods for working 
with children and youth, and it is readily adaptable to 
Carolina communities.  The NLI website offers examples.
Conclusion
 Given growing concerns about children’s declining 
physical health, the potential has never been greater for 
developing new urban design policy to guide the creation 
of child- and family-friendly urban environments.  Proven 
environment-behavior methodologies are available that 
link research and practice; these methodologies can 
be applied in developing an evidence base for design 
and evaluation protocols for built projects.  Over time, 
small, rich, easily accessible spaces can be created to 
attract children and families to engage with nature, to 
play and learn outdoors.  The “big vision” is to imagine 
these spaces linked by a fine network of safe pathways 
(sidewalks, alleyways, trails, greenways) allowing 
children to independently walk and bike with their friends 
to create their own healthy, outdoor adventures. To 
pursue this potential for change, children’s environment 
professionals must work across disciplines, reaching out 
beyond silo walls to foster collective action with planners 
and other professionals who are working to improve the 
built environment for all people.
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Endnotes
1  The Natural Learning Initiative (NLI) was founded 
January 1, 2000, at the College of Design, North Carolina 
State University, by Robin Moore and Nilda Cosco, with 
the mission: “Creating Environments for Healthy Human 
Development and a Healthy Biosphere for Generations to 
Come.”  Primary NLI activities include community design 
assistance, research, and professional development. See 
(www.naturalearning.org).
2  This idea was initiated during a personal meeting 
with Bronfenbrenner in Rotterdam in 1984, during a 
conference of the International Association for the Child’s 
Right to Play, where he was a keynote speaker.  Through 
subsequent correspondence, the modified model was 
included in Childhood’s Domain (Moore, 1986), which 
was also influenced by Pia Björklid’s (1982) research from 
that same era.  Bronfenbrenner’s model also influenced 
her investigation into the effect of different housing forms 
on children’s outdoor behavior (an early application of 
behavior mapping).
3  Examples of design programming processes can be 
reviewed at http://www.naturalearning.org/services/
design.htm
4  For downloadable program and master plan see http://
www.naturalearning.org/showcase/projects/walnutcreek.
htm
5  Outdoor Learning Environments Alliance (http://www.
poemsnc.org/OLEbrochure.pdf), NC Public Health 
Physical Activity and Nutrition (PAN) Branch (http://www.
ncpanbranch.com/), Be Active North Carolina (http://www.
beactivenc.org/), and North Carolina Children and Nature 





8  Google “Raleigh’s New Development Code.”
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How can efforts to repurpose your brownfields and 
expand greenways and connectivity help to revitalize 
the entire city?
 In the first year in my time as mayor, we purchased 
1,500 acres of steel mills. I had the city’s redevelopment 
agency purchase it, and now we’ve redeveloped all 
that.  And if you came to Pittsburgh, you would see that 
it’s … several thousand units of housing and commercial 
development.  We were very much leading the country 
in brownfield redevelopment for the scale of what we 
were doing.  At the same time, we were putting in a lot 
of riverfront parks where all this industrial property was. 
And now, Pittsburgh was a little late, but now we’re 
beginning to see a real surge of people moving downtown. 
For the first time in 50 years, the building permits being 
issued in the cities are exceeding those being issued in the 
suburban areas.  You’re beginning to really see that trend 
over the country really accelerate … not now, but right 
before the [downturn].
When you first became mayor of Pittsburgh in 1994, 
what did you see as the top concerns for the downtown 
area?
 Pittsburgh was in a freefall in ’94 when I became 
mayor. We were continuing to lose population – we 
continue to lose population, but not at the same rate – and 
[there was] not a lot of investment, so really part of the 
focus was how do you move from managing decline to 
trying to manage growth, and what are the investments 
you make.  And so part of it for us was getting, focusing the 
resources – which was no easy task – on doing something 
with the old industrial sites that we had; incentivizing 
developers to think about investing in either an industrial 
site or in the downtown area.  It really was to get people’s 
attention, sort of to stand up and say, “Hey, we’re here and 
we’re willing to do a deal with you,” from a real estate 
point of view.  It was really a discussion of risk: “I am 
a real estate developer, my M.O. has been developing 
housing in suburban areas on 100 acres of greenfields, 
and now, I have this guy coming to me and say[ing] ‘I’d 
like you to think about building housing on an old steel 
mill.’  My calculation is, ‘What’s my risk there?’”  And 
my job as mayor was to say, “OK, we’ll share that risk 
with you.”
What role did riverfront greening have to do with 
downtown revitalization?
Revitalizing Pittsburgh’s Waterfront Brownfields: 
An Interview with Former Mayor Tom Murphy
Heather Schroeder and Brika Eklund, Carolina Planning Editors
On January 29, 2010, former Pittsburgh Mayor and current Urban Land Institute fellow Tom Murphy visited 
The University of North Carolina at Chapel Hill to deliver the 2010 Robert and Helen Siler Lecture, entitled 
“Raleigh/Durham/Chapel Hill: Building a World Class Region to Compete in a Changing Economy.” Earlier 
that day, he sat down with the Carolina Planning editors to share leadership lessons and strategies for using 
urban greening to revitalize industrial cities. A condensed and edited transcript follows.
Heather Schroeder received her master’s degree in City and 
Regional Planning from UNC-Chapel Hill this spring.  She is 
interested in real estate and historic preservation in inner cities.
Brika Eklund is a 2011 master’s candidate in City and Regional 
Planning at UNC-Chapel Hill.  She previously worked for the 
Z. Smith Reynolds Foundation and the N.C. Housing Coalition.
Tom Murphy was the Mayor of Pittsburgh from 1994 to 2005, 
during which time he initiated a public-private partnership that 
leveraged more than $4.5 billion in economic development.  He 
now works as Senior Resident Fellow and Klingbeil Family 
Chair for Urban Development at the Urban Land Institute. He 
also serves as ULI’s Gulf Coast liaison, an honorary member of 
the American Society of Landscape Architects, a board member 
of the Pennsylvania League of Cities and Municipalities, and a 
board member of the National Rails to Trails Conservancy. 
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 We grew up in Pittsburgh with our mothers telling us 
two things: be home before the streetlights come on, and 
never go near the rivers.  And my mother would always 
say, “If you get into those rivers, you are going to melt,” 
because they were really badly polluted.  I’m a runner 
and [have] been a runner for almost 50 years, and would 
run on the rivers, and there were essentially no public 
access to the rivers.  Here and there, maybe a hundred 
yards or so, but no continuous public access to our rivers. 
And so, when I became mayor, I literally got my public 
works director to create a crew within our public works 
department whose job was going to be to build trails, and 
now we have built 28 miles of riverfront park in the city. 
… I can go from downtown Pittsburgh at the Point [State 
Park] all the way to Washington, D.C. on a trail.
Did this spark your interest in Rails-to-Trails?
 No, I had been involved well before I became 
mayor.  I was on the board for 10 years, of Rails-to-Trails 
Conservancy.  I would always look for sort of the back 
yards, if you know what I mean, to run in; I don’t like to 
run on the streets with traffic.  I’ve always looked for that, 
and I did that in Pittsburgh.  And as the old steel mills 
started to shut down, I would run through the old steel 
mills, never thinking that I would be mayor.  So when I 
became mayor, that was one of the first [things] I asked us 
to do, is to acquire the property and to put trails on them. 
And so, every time we had an opportunity, we would 
build a trail.
So this was really a personal project for you?
 In terms of the trails, very personal.  I mean, it was 
something I really just cared [about], and [it] created lots 
of value.  
 Let me tell you a quick story about greening.  Think 
of Central Park, how does that happen?  Who thinks back 
in the 1840s that we should set aside hundreds of acres 
for the use of people, when from the Hudson River, for 
the next 3,000 miles, was all open space.  Why would you 
think that?
 And there is a story like that in Pittsburgh, Schenley 
Park.  Up against CMU [Carnegie Mellon University] and 
the University of Pittsburgh, it’s about a 600-acre park. 
There was a woman named Mary Schenley who was the 
heir to one of the Pittsburgh families. …  And she inherited 
all of this property, thousands of acres, and she would sell 
off pieces of it when she needed some money. That [land] 
began to be developed as the nicest neighborhoods in 
Pittsburgh – Squirrel Hill and Shadyside, which are very 
nice neighborhoods – and she finally in the 1890s came 
down to the very last piece of property.  She wrote to the 
city that she intended to sell it to this developer.  There 
Point State Park provides open space before the skyscrapers of downtown Pittsburgh.  Photo courtesy of Tom Murphy.
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was this guy named Henry Bigelow, he was the director 
of the parks department, who got it into his head that [the] 
land ought to be a city park – that 600 acres.  And he went 
to the mayor at the time and said, “We ought to buy this 
land to make it a park.”
 And the mayor, being the brave mayor that he was, 
said, “Let’s have a referendum, and ask” – because he 
wouldn’t make the decision – “to ask the citizens whether 
we ought to spend the money to buy this.”  And they did, 
and the citizens overwhelmingly turned it down – said, 
“Why would we waste our money buying this land, when 
there is all this other open land all around,” which is now 
the suburbs.  
 Henry Bigelow got it in his head that the city needed 
that land, so he got on the fastest train he could to New 
York and the fastest steamship he could to London, and 
two days before Mary Schenley was to sign the sales 
agreement with the developer, he convinced her to give 
that land to the city of Pittsburgh for what is now Schenley 
Park.  Around that park is the most valuable real estate in 
Pittsburgh.  I think that is the most enduring piece of any 
city, its open space.  
 If you look at suburban communities or newer 
communities, rarely do they create grand parks.  They 
might have some ballparks or a playground or stuff like 
that, but they don’t have the Central Park or a Schenley 
Park where there are trails where you can walk all around. 
Think about newer cities like that, and you don’t see that 
very often.  I think that is one of the real values that can 
be created in the city.
Along those lines, North Carolina has a lot of smaller 
industrial towns that are really falling apart with the 
exodus of manufacturing.  What are some big-city 
strategies that you think can be translated to smaller 
communities to capitalize on greenways?
 Well, I think that it depends on their employment base 
first and what is the reason for the town to be there – probably 
was a textile mill – so part of it is what’s the purpose of 
the [town] and what’s their competitive values.  And I 
say that critically.  Everybody says, “We have a hospital” 
– [but] everybody has a hospital, it’s not a distinctive 
competitive value.  … these little towns, every one has its 
own story for why it’s there, and that town will succeed 
or not because there will be civic leadership that will 
focus on the critical piece that makes it competitive once 
again – which might be very different than the thing that 
originally made it competitive.  Could be the architecture, 
could be the natural environment, could be a whole host 
of other things.
You’ve worked in such disparate areas as Pittsburgh 
and the Gulf Coast.  Are there any overarching themes 
that you can see?
 It’s always about leadership.  Leadership, vision, 
understanding how you put the resources together. 
Everywhere I go, people say, “You don’t have money, 
there’s no money, you can’t do that.”  There’s always 
money.  I just had a discussion like this with the people 
in Philadelphia.  They said, “Philadelphia is plagued with 
lots of vacant industrial property and vacant houses,” and 
they said, “We just don’t have the money to be able to 
do anything with this.”  And I said, “How big is the city 
budget?”  They put their heads down and said it’s about $2 
billion.  “So you’re telling me you don’t have any money? 
You’re spending $2 billion a year, you have the money.  It 
really is a question [of] what your priorities are, [and] you 
[are] telling me this isn’t that important.”  And that’s the 
issue, really.  It is never about the money.  When I go to 
New Orleans, they say “We don’t have the money to do 
this,” and I say “How big’s your budget?”  If this is really 
important, you can figure out how to pay for it.  If it’s not 
that important … then be honest about it, this is just not 
our priority.
And how do partnerships play into that?
 Critical.  I think that is why I talk more about 
civic leadership than political leadership.  I think it is 
very important – in many ways, more important than 
the political leadership – because the civic leadership 
generally creates stability.  Political leadership comes and 
goes.  People get elected for four years or two years, and 
you might be there for a little while and then they’re gone.
 But Joe Riley is the exception, and look at 
Charleston. … He’s been mayor for 32 years.  And he 
saw historic preservation as the salvation for Charleston, 
and look what he’s done.  And that’s probably one of the 
best examples of leadership in the country – continuous, 
long-term leadership and what it can do. … that’s rare that 
somebody is going to be mayor, in a political realm, that 
long, so the civic leadership ... Hugh McColl would be a 
great example for Charlotte, of somebody that was there 
and had a vision for where Charlotte ought to be.  Not 
just a sleepy southern town, but a dynamite town; but it 
needed to act like it and look like it, and he did that over 
the course of a lot of years.  
 There are examples all over the country like that … 
Joe Riley looks like a genius now, and Hugh McColl 
looks like a genius.  In the beginning though, probably 
most of the people couldn’t see it.  Most of the people 
in Charleston at one time probably [were] wanting to 
say, “Well, let’s tear down this building.”  And Joe Riley 
has a wonderful … slideshow, and he shows pictures 
of this. “You know, we had this building in Charleston, 
this wonderfully beautiful ornate building”; he said that 
people didn’t like [it] so they tore it down, “and they built 
this” – and it’s a Motel 6.  And then he has this one series 
of pictures, he shows this picture of a house literally with 
the flames coming out of the roof, and he said, “This 
house caught on fire, and the next day” – and then he has 
the picture of the house after the fire, it’s essentially all 
gutted, it was a wooden house – “my building inspector 
comes to me and says, ‘Joe, we need to tear down this 
house, it’s going to fall on the street and kill somebody.’” 
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Pittsburgh’s riverfront greenway.  Photo courtesy of Tom Murphy.
And Joe says, “Shut the street down, don’t tear the house 
down.”  And then the third picture is a picture of the house, 
... and shows it in the middle of a block of a wonderful 
row of very historic houses. It would be a missing tooth 
if the house was torn down.  And it’s been restored.  And 
he said … “That’s about leadership and focus.  It’s about, 
you have this value, this is what’s important to us.”  That’s 
part of the real story about leadership: there is a sense, a 
value structure that exists, that people are willing to have 
conflict about this, that doesn’t lower the vision for the 
sense of excellence.
So, in terms of the civic leadership … who does that 
fall upon?  Is that the planning director’s role?
 At the end of the day, it will fall upon the elected 
and probably private business leaders.  But, the planning 
directors – like I told you the story about … [Henry] 
Bigelow – the planning directors of a city are the people 
that need to create the vision, by and large, to make it real. 
… You know, when I got elected mayor … Pittsburgh had 
not had investment.  I was just happy if people would 
invest in Pittsburgh; I didn’t care what it looked like or 
where it was.  And I had a planning director who turned 
me into a raving maniac about design and land use.  And 
so I was made an honorary member of the [American] 
Society of Landscape Architects, particularly for 
landscape architecture.  I really cared about [it] deeply. 
And so the planning director is not going to have inherent 
power as the CEO of a corporation or a mayor will have, 
but the planning director has the power of knowledge, 
in effect. … They have a responsibility to get people to 
understand that planning directors need to be keepers of 
the vision long-term.
Have you heard anything about the initiatives going 
on in Raleigh?
 … I was on a Dorothea Dix panel of looking at what 
to do with the Dorothea Dix [Hospital] property over there, 
it’s a big chunk of largely vacant land.  … Dorothea Dix 
would be a great example of where people aren’t willing 
to make a decision.  So you have something languish 
there, and it’s probably unfortunately more common than 
not that that happens – is that people avoid the decision, 
sort of get in the process, fall in love with the process, 
and in many ways the process makes it easy because you 
don’t have to make a decision.  I mean, with Dorothea 
Dix, there’s competing interests, and so nobody’s been 
wanting to make a decision, and so you end up with a 
potentially valuable piece of property languishing.
You make a great point for planning departments 
because sometimes you get so caught up in following 
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these dictated rules, and what is the result?
 And that’s really, I think, the idea, is how do you 
move something along and continue to keep a sense of 
excellence about the quality of it, and at the same time, 
try to move it along?  And that’s a challenge for planning 
directors, I think, particularly.
 … [in the planning profession], there’s one 
fundamental lesson that you need to know about yourself, 
is how important it is to be loved. … If you really don’t like 
conflict, you might want to think of a different profession. 
Because you’re not going to be effective in it.  You need 
to be willing to be able to ... manage conflict and sort of 
enjoy it in a way.  It’s this creative tension of what causes 
things to happen.  And I find a lot of people that want to 
be loved, and I’m not saying that it’s not better or worse...
In the planning profession?
 Yeah, they really take conflict badly and it eats at 
them and they don’t like people not liking them.  And, 
not just in the planning profession, in every profession, I 
find that.  I’m not saying one way is better than the other. 
Simply, I think it’s a type of human nature.
But that planners can’t be as effective?
 I don’t think you can unless you are willing to 
embrace conflict as part of the process, right?  … conflict 
has gotten a negative connotation to it, but it’s part of 
a process that you go through to resolve something. … 
it’s all about how you use conflict, particularly if you’re 
working for a community organization.  The community 
organizations don’t have power, inherent power, so for 
community organizations to be successful, they need to 
figure out how to influence, how to get power, influence. 
So, it’s how you use knowledge, or the political process, 
or publicity, or a whole host of other things.
 … There are four legs of a downtown, I think: one 
is the commercial, one’s the residential, one’s the retail, 
and the fourth is the culture and the arts.  And Pittsburgh’s 
commercial is still a big employment center in the 
downtown.  
 Twenty years ago, The Heinz Endowments, Howard 
Heinz got it in his head to create a cultural trust district, 
and he focused on an area that at the time had 22 massage 
parlors and porno shops.  So, it was sort of a seven-block 
by two-block area.  But in the middle of it were two big 
old vaudeville theaters – one at the time was a burlesque 
theater – and so he bought both of those, he had the 
endowment buy both of them, and one became the home 
of the Pittsburgh Symphony and the other became the 
home of Broadway shows.  [The symphony building is] 
called Heinz Hall now.  If you would go there today, there 
are almost 2,000 legitimate performances going on in a 
year, so it’s ballet, the opera.  Besides those two venues, 
there’s probably another 10 venues that have been built, I 
think seven in my time as mayor.  A theater, different types 
of theater.  And so, the cultural district brings almost two 
million people a year into the city.  There’s a threshold, 
and I don’t know what it is, that it went through, that now 
supports restaurants. …
 So the cultural district is a real story for Pittsburgh. 
And I think the ballparks, convention center we built, the 
fact that we, as a city, were able to do that, build all three 
at the same time … and then the brownfields and then the 
riverfronts are probably the four big [success] stories.
Pittsburgh’s 28 miles of riverfront park provide an attraction for bicyclists.  Photo courtesy of Tom Murphy.
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UNC-Chapel Hill DCRP Best Master’s Project of 2009
Evaluation of Environmental Effects of Songpa 
New Town in Seoul, Korea
Jun Huh
The purpose of this research is to examine the environmental effects of the proposed Songpa new town 
development built along the urban growth boundary in South Korea.  The project evaluates the proposed 
development plan from an environmental perspective, which can be easily ignored during a planning process. 
With the logistic regression model considering accessibility and physical constraint factors, future development 
in the proposed new town and infill development in two existing alternative areas are simulated based on the 
assumption that future development will follow past development patterns.  The project examines changes in 
runoff volume directly affecting water quality and flooding in and around the study areas.  Pre-development 
and post-development runoff volumes are estimated through hydrologic analysis using land use, soil type, and 
average rainfall data.
Editors’ note:  Portions of this feature have been edited 
or cut due to content and space considerations.  If you 
are interested in reading the original, unedited document, 
please contact the editors at carolinaplanning@unc.edu.
 
Introduction
The rapid accumulation of people in mega-cities 
has caused major problems in the fields of housing, basic 
services, and transportation (Hall, 1984).  Moreover, from 
an environmental point of view, increased impervious 
surfaces resulting from urbanization have threatened 
natural environments by reducing the amount of forest 
lands, wetlands, and other forms of open space that absorb 
and clean stormwater in the natural system (Brabec, 2002). 
As one of the mega-cities in Asia, Seoul, the capital of 
South Korea, has faced these problems whenever new 
development plans within the city boundary are proposed.
Seoul has experienced unprecedented changes in 
population as well as in urban structure.  According to the 
Seoul Metropolitan Government, by 1963 the population 
grew to about three million and the jurisdictional territory 
accordingly expanded to the current area of about 600 km2, 
2.3 times larger than before.  The population of the city has 
grown further with the southern development programs 
of the late 1960s and 1970s, which saw the development 
of high-rise apartment buildings along the Han River.  As 
a result, the southern districts of the Han River expanded 
rapidly, now with a similar population size to the northern 
districts.  At present, the population in Seoul is over 10 
million inhabitants, which is 25% of the total population 
of South Korea. 
The intense concentration of population in Seoul 
has caused various urban problems such as skyrocketing 
housing prices, particularly in southern districts; lack of 
transportation systems; and environmental disruption. 
The National Comprehensive Physical Plan of July 1970 
established 1,567 km2 of an urban growth boundary called 
Greenbelt along the circumference of Seoul, mostly 
composed of forest and woodland (Yokohari, 2000).  Its 
primary purposes were to prevent sprawl, protect the 
surrounding natural environment, reduce air and water 
pollution, and provide for recreational areas.  The Seoul 
Greenbelt has been evaluated as a successful plan in 
achieving these goals due to strong legal control.
Furthermore, in an effort to disperse the dense 
population of Seoul, the Korean government has established 
several new satellite cities including the Seongnam, 
Bucheon, Gwacheon, Bundang and Ilsan areas.  Despite 
these efforts, Seoul has been experiencing rapid population 
concentration, and the demand for housing in Seoul still 
exceeds the supply.  The government is planning to partially 
Jun Huh is a doctoral candidate in City and Regional Planning at 
UNC-Chapel Hill and is a graduate of the department’s master’s 
program.  He is originally from Seoul, South Korea and his 
research currently focuses on realistic land-use models connected 
with planning policies and environmental impact assessments.
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Literature Review
In order to find the best model to apply to the Songpa 
new town case, this chapter examines and evaluates 
various models to forecast future urban growth and assess 
the environmental effects of development.  In terms of how 
the development of Songpa new town would influence the 
environment, it is important to start with a prediction of 
urban growth because a specific plan of the new town is not 
yet released; this study addresses two alternative scenarios 
in different locations to compare with Songpa new town. 
In addition, the paper also reviews preceding studies 
examining the relationship between urbanization or new 
development and the physical and potential environmental 
impacts.
Urban growth model
[Editors’ note:  Only the model pertaining to this study was 
retained for publication, due to space limitations.]
California Urban Future (CUF) model 
John Landis developed two GIS-based urban models 
called CUF-1 and CUF-2.  CUF-1 model projects the 
location, pattern, and density of residential population 
growth.  CUF-2 model supplemented CUF-1 model and 
was limited to residential development, without projecting 
and/or allocating future industrial, commercial, and public 
activities (Landis, 1998).  CUF-2 model added the process 
of calibration that had been omitted from CUF-1.  The model 
creates calibration equations from the past urbanization 
patterns and projects future development using the 
development pattern, assuming that the past development 
patterns will continue into the future.  Calibration of the 
model uses the multinomial logistical regression with 
variables including land use/land cover, topography, 
transportation network, hydrography, jurisdictional 
bounds, wetlands, population and employment levels. 
The estimated coefficients are used to calculate future 
probabilities of grid cells being converted to each of the 
10 different density categories.  Based on environmental, 
locational, or other policy characteristics such as urban 
growth boundaries, flood zones, and wetlands, particular 
grid cells are precluded from development regardless of 
their development probability.  Projected population or 
housing growth is allocated to non-excluded cells. 
Methodology 
The major methodology of this paper consists of an 
urban growth model and an environmental effects analysis. 
Through the two processes, the paper examines how 
urbanization will occur because of new development and 
how the change will affect the natural environment.
Binomial logistic regression
Urban growth simulation of this research is based 
on the CUF model created by John Landis and draws 
on equations to project future development from past 
urbanization patterns.  However, this research utilizes a 
lift the Greenbelt and build a new town called “Songpa 
New Town,” accommodating 50,000 housing units with 
over 100,000 residents in about 7 km2 of a southern district 
of Seoul.  Its primary purpose is to increase the housing 
supply and stabilize high-priced housing values in the 
southern district of the Han River. 
As for whether the new town should be developed or 
not, the plan for the new town has been met with strong 
opposition from the Seoul government and several citizen 
groups representing economics and the environment.  The 
construction of Songpa new town has been under debate 
over the appropriateness of the new town’s location, as 
well as traffic congestion, environmental problems, and 
unbalanced development that would be generated between 
the northern and southern districts of the Han River. 
Seoul Council and citizen groups have been asserting 
that development of the new town would bring excessive 
speculation in real estate rather than stability of housing 
values, and it would cause destroyed natural landscape 
from forest destruction. 
Moreover, it is expected that the new development 
will aggravate current severe air pollution from traffic 
congestion.  The primary reason is that the developments 
surrounding the proposed new town have already 
progressed and are almost completed.  In addition, the 
new town would abet more automobile trips within Seoul 
because it was designed to accommodate residents who are 
expected to commute to work in Seoul.  In this regard, the 
environmental and civic groups support retention of the 
urban growth boundary and consider the current proposed 
new town development to be premature.
For the current proposed new town plan, this paper 
focuses on the environmental effects of the development. 
In particular, this study’s main interests are open space, 
including forest and agricultural land, and run-off by 
increased impervious surfaces on the development areas. 
Based on the background of Seoul and the environmental 
interests in development of the new town, this research 
presents answers to two primary questions: “How would the 
development change the pre-development open space into 
built-up land?” and “How would the development affect 
the change of [sedimentation] run-off?”  It is important to 
deal with these questions because open spaces within Seoul 
have been decreasing so that there are now insufficient 
green spaces that Seoul citizens can use for the purposes of 
recreation.  What is more, it is worth analyzing the changes 
in run-off, in that the increased impervious surfaces from 
the development increases the possibility of flooding in the 
areas adjacent to the Han River and exacerbates poor water 
quality by the reduction of open space.
The importance of this study is to ensure that 
decision-makers consider environmental impacts before 
deciding whether to proceed with new projects.  To do so, 
the study includes the process of identifying, predicting, 
and evaluating environmental effects of development 
proposals prior to making major decisions, focusing on the 
environmental problems that Seoul has been experiencing.
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simplified binomial logistic regression approach to model 
future residential growth by detecting a historic urban 
change, in place of the multinomial logistic regression 
used in the CUF model to consider the conversion among 
other land-use types and redevelopment.  The main reasons 
to use binomial logistic regression are that the new town 
plan is mostly designed to develop residential units and 
the surrounding open space for recreational purposes. 
Redevelopment and other land uses are beyond the interest 
of the paper.
Moreover, the project uses the limited variables 
available to calculate the urban growth probability of each 
cell to be developed.  Explanatory variables that account 
for future residential development include distance from 
existing cells and distance from major roads as accessibility 
indicators, and elevation and slope as natural and physical 
constraint indicators.  Coefficients of explanatory variables 
are calculated by using binomial logistical regression 
where a dependent variable can take one of two values, 
0 or 1, for undeveloped cells and developed cells.  Using 
this equation, the future urbanization probability of each 
cell within proposed development areas is calculated for 
determining which cells will be developed.
Binomial logistic regression, used when a dependent 
variable is a dichotomy, is described by the following 
general equation:
































equal to the desired future area.  Finally, this study analyzes 
and compares the change of land cover by examining what 
kinds of open space will be changed into developed cells.
Hydrologic analysis
As an environmental indicator that affects water 
quality and flooding, run-off volume is quantified based 
on the curve number for soil types and land use types. 
This approach was first proposed by Soil Conservation 
Service (SCS) and was further developed by Pandit and 
Goppalakrishnan (Whitford, 2001).  The equation of run-
off derived from the results of empirical studies on many 







where Pe is run-off; P is the precipitation; and S is the 
maximum potential retention of the catchment.  S is also 
described by the following expression:
where x1, x2, x3….xn are explanatory variables, b1, b2, b3…bn 
are regression coefficients to be estimated, and y is a linear 
combination function of the explanatory variables.  In this 
case, P1 means the probability of a transition from rural to 
urban land uses.  A positive sign of an explanatory variable 
indicates that the variable increases the probability of cells 
to change into urban; on the other hand, a negative sign is 
the opposite.  In addition, as a way to assess the goodness-
of-fit of the regression model, the paper calculates the 
percentage of observations correctly predicted. 
In this paper, an urban growth probability map is 
generated by the results of the binomial logistic regression 
model reflecting the development patterns at two points 
in the past.  The total number of cells to be developed 
is controlled on a basis of the desired developed land 
area calculated from the planned number of people to 
be accommodated, and the proposed density in a new 
town plan.  Based on the urban growth probability map, 
transition from rural to urban occurs starting with the 
highest probabilities until the number of developed cells is 
                                                                                              
where CN is the curve number of the particular type of 
watershed. 
The curve number is a function of land use, soil type, 
and soil moisture used to describe the stormwater runoff 
potential for a drainage area.  For an area with multiple land 
covers, a weighted curve number can be calculated if the 
soil type and percentage cover of each land use are known 
(Chow, 1988; Whitford, 2001).  SCS defined 13 land-use 
categories and classified over 8,500 soil series into four 
soil groups according to their infiltration characteristics for 
hydrologic analysis.  The 13 land-use categories include 
three residential land uses with high density, medium 
density, and low density; commercial; industrial; disturbed 
or transitional; agricultural; open space; meadow; woods 
with thick cover; woods with thin cover; impervious; and 
water.  The hydrologic groups are designated as A, B, 
C, and D: Group A has a low run-off potential and high 
infiltration rate, such as sands and gravels; Group B has a 
moderate infiltration rate; Group C has a slow infiltration 
rate; and Group D has a high run-off potential and very 
slow infiltration rate. 
The study areas used in this paper consist of a variety 
of soil types and land uses so that the weighted curve 
number is used for hydrologic analysis. The weighted 
curve number is described by the following equation:























where CNw is the weighted curve number; CNi is the curve 
number for each combination of land use and soil group; 
and Ai is the area for each combination of land use and 
soil group.  Based on the run-off calculated by the above 
equations, the paper compares the run-off between pre-
development and post-development and analyzes how the 
development affects the change in run-off volume because 
of increased impervious surfaces.
Study Materials
Study area
Reflecting previous research asserting that 
urbanization can have different effects depending on where 
and how land-use change has occurred (Jantz, 2003), this 
paper chooses three study areas: Songpa district, where 
the Songpa new town will be built, and two alternative 
areas, Eunpyung and Bundang districts.  Urban growth 
in the alternative districts is simulated, assuming that the 
development will occur at the same size as the Songpa new 
town plan. 
Songpa district
Songpa district is one of the 25 districts that make 
up the city of Seoul and has about 650,000 residents, 
the highest population among the districts in Seoul.  The 
district is located about 15 km from central business district 
(CBD) of Seoul and bordered by the Han River to the 
north, Tancheon stream to the west, and Greenbelt to the 
south.  In 2005, the Seoul city government decided to build 
a new town called ‘Songpa New Town’ to accommodate 
over 100,000 residents.  The new town plan centers on 
two neighborhoods in Songpa district, Geoyeo-dong and 
Jangji-dong, and a neighborhood in Sungnam district, 
Bukjung-dong.  Some areas in the new town plan lie within 
the urban growth boundary.  Therefore, the proposed new 
town project is based on removal of green space, including 
the existing military service area, and the urban growth 
boundary. 
The plan could not proceed because of the removal of 
the existing greenbelt, as well as because of the worsening 
current state of unbalanced development north and south of 
the Han River.  Furthermore, environmental groups have 
raised problems related to air quality, water quality, and 
flooding in the adjacent Kangdong district.  It is inevitable 
that development will cause severe traffic congestion 
because the new town is adjacent to the existing large 
residential town.  Furthermore, it is also possible to expand 
the boundary of Seoul due to excessive influx to the new 
town and additional development around the new town.
Eunpyung district
As an alternative to the Songpa new town, the paper 
examines Eunpyung district which is located north of the 
Han River and on the north-west border of the city of Seoul. 
About 50% of the total area of the Eunpyung district fell 
under the urban growth boundary; in addition, a lot of 
green space was preserved compared to other districts until 
the Korean government revised the urban growth boundary 
in 2004.  After the revision, the Eunpyung new town plan 
was proposed to accommodate about 40,000 residents 
in Jinkwan-dong, and the first phase to accommodate 
10,000 people is now under way.  Eunpyung district is also 
expected to be under additional development pressure after 
completion of the Eunpyung new town plan.
The reasons why this paper considers Eunpyung 
district as an alternative to Songpa new town are threefold. 
First, Eunpyung district is located about 10 km away from 
Seoul CBD, Jongno district, and on the border connecting 
the city of Seoul with Goyang in Gyeonggi Province. 
These geographical conditions provide good access to 
Seoul CBD, where the politics, economics, culture, and 
history concentrate, as well as enable Eunpyung district to 
Figures 1, 2, 3:  The results of simulation in the Songpa, Eunpyung, and Bundang districts (left to right, respectively).
Water Undeveloped Area Existing Developed Area Newly-Developed Area
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Data sources
Data used in this paper for input into the urban 
growth model and run-off estimation include Landsat TM 
of 1990, Landsat ETM+ of 2000, 1:25,000 topography 
map of 1998, soil map of 1998 and land cover map of 
2001.  Remote sensing data are classified by using an 
unsupervised classification algorithm through the Erdas 
Imagine 9.1 package named Iterative Self-Organizing 
Data Analysis Technique (ISODATA).  The ISODATA 
clustering technique is the way to create clusters through 
the process to begin with arbitrary cluster means, calculate 
a new mean for each cluster by each iteration, use the new 
mean to define clusters for the next iteration, and finally 
complete the process when the number of pixels changing 
clusters are fewer than a certain threshold specified in the 
initial setting.  The paper reclassified 16 classes, created 
from the unsupervised classification method, into three 
land cover types: water, urban, and rural.  In order to 
reduce classification errors, the research revises classified 
images based on the original image data of 1990 and 2000 
and a land cover map that was produced by the Ministry 
of Environment in 2001.  All data sets are created through 
ArcGIS based on spatial resolution of 10m.
The classified data from remote sensing images are 
used to make the observed growth, which is the dependent 
variable, between the two time periods (1990 and 2000 in 
this case).  Water area is not used in the logistic regression 
but is used to exclude future development in the urban 
growth model.  The classified data from Landsat TM and 
Landsat ETM+ are also used for independent variables 
in the urban growth model to represent proximity to 
developed cells that influence growth.  The topographic 
map (1:25,000) produced in 1998 is used for extracting 
roads and DEM.  The paper ignores influence from new 
roads after 1998 because there is only one [piece of] road 
data available for use in this project.  Slope is determined 
based on elevation, through the ArcGIS program.  Soil 
types and land-use types, which are used to calculate 
the weighted curve number for run-off, are respectively 
reclassified into four groups according to the standard of 
SCS and into eight groups to match the land cover map of 
2001 to the land use categories of SCS.  Since residential 
land use is not classified by density in the land cover map 
and single-family homes occupy less than 10% of the total 
housing units in the study areas, the paper assumes that 




This paper uses limited data due to the difficulty of 
obtaining useful data to apply to this model.  Simulating 
more realistic future urban growth may require more 
variables: public transportation facilities such as bus 
stops and subways; amenities including parks and public 
libraries; information on infrastructure such as water and 
sewer lines; and other factors that can be selected based on 
residents’ preferences, such as locations of notable schools. 
play an important role as the entrance to the city of Seoul. 
Second, the Korean and Seoul metropolitan governments 
have been encouraging development and redevelopment 
in the northern areas of the Han River in order to achieve 
balanced development between the south and north of 
Seoul.  New town development and redevelopment within 
the Eunpyung district are expected to increase tax revenue, 
provide better residential environments, attract excessive 
demand for living in the southern area of the Han River, 
and finally solve disparity of housing prices and residential 
conditions between the north and south of the Han River. 
Last, Eunpyung new town has seen decreased development 
over the last 30 years due to development restrictions by 
the urban growth boundary compared to other districts 
in the northern area of the Han River.  The natural 
environment that has been preserved for 30 years can 
facilitate sustainable development in the Eunpyung district 
by developing lands that are available for residential 
and commercial uses while at the same time preserving 
vulnerable and sensitive natural environment to the utmost. 
Bundang district 
Bundang district, the second alternative to Songpa 
new town, has been evaluated as a successful satellite city 
about 22 km from the Seoul CBD.  At present, Pankyo 
new town development was planned as a self-sufficient 
neighborhood in the Bundang district and [was] completed 
in December 2009, not only providing residential dwelling 
units to accommodate about 80,000 residents but also 
creating jobs in high-tech industries and research institutes. 
The first reason to choose Bundang district as the 
alternative is that the district has been considered a 
more pleasant place to live than other districts in Seoul 
in terms of environmental, economical, educational, and 
recreational conditions.  Second, new infill development 
in Bundang district would also facilitate the desired results 
of preventing accumulation of people in Seoul.  Third, 
this district can avoid the current problems related to 
the extension of the urban growth boundary, which is a 
prerequisite for Songpa new town development.  Finally, 
improved rapid mass transit systems that are in progress 
would reduce car dependency and provide prospective 
commuters with easier access to their work in Seoul. 
On the other hand, new infill development in Bundang 
district as an alternative to Songpa new town would 
increase vehicle miles traveled because it is intended 
to accommodate commuters to Seoul.  It is possible that 
this could cause severe traffic congestion and deteriorate 
current air quality in both Seoul and the Bundang district. 
However, the traffic problems would be mitigated after 
completion of a mass transit system like the subway that 
is under construction.  In addition, attracting high-quality 
jobs into the Bundang district can contribute effectively to 
making the Bundang district self-sufficient and reducing 
car dependence.
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In binomial logistic regression to simulate urban 
growth, the paper uses the observed growth between the 
two time periods as the dependent variable; and distance 
from the existing developed area, distance from the 
road, elevation, and slope as the independent variables. 
Therefore, the binomial logistic regression used in this 
model can be described as follows:
where P1 is the probability of a rural to urban transition, 
urbdist is the shortest distance from the existing area, 
roaddist is the shortest distance from the existing road, 
dem is elevation, and slope is the degree of slope.
[Editors’ note:  Brief descriptions of accessibility and 
physical constraint factors were removed for space 
considerations.]
Results
The results of the logistic regression model
Assuming that future urban growth is influenced by 
the current growth pattern in each administrative district, a 
logistic regression is executed for each of the three districts: 
Songpa, Eunpyung, and Bundang districts.
Songpa district
The logistic regression in Songpa district is executed 
based on the dependent variable and the four independent 
variables extracted from the boundary of Songpa district. 
The observed growth between 1990 and 2000 is used as 
a dependent variable, while distance from the existing 
urban areas and roads, elevation, and slope are considered 
the four independent variables.  As a result of the logistic 
regression, all independent variables are very statistically 
significant at the 95% confidence interval.  All coefficients 
of the variables have a negative sign which means that 
nearer distances to urban areas and roads, lower elevation, 
and gentler slope increases the probability that land uses 
change from rural to urban.  The model’s goodness-of-
fit indicates that 58.45% of developed cells and 81.62% 
of undeveloped cells are correctly classified.  Overall 
correctness for classification is 72.45%.
Eunpyung district
Like the logistic regression in the Songpa district, 
the binomial logistic regression is executed based on the 
variables extracted from the Eunpyung district boundary. 
As a result of the regression, all independent variables for 
the Eunpyung district are very statistically significant and all 
the variables’ coefficients have a negative sign.  Goodness-
of-fit of the model shows that 64.94% of developed cells 
and 97.62% of undeveloped cells are correctly classified, 
while 94.95% of cells are correctly classified overall.
Bundang district
The result of the regression indicates that all variables 
are statistically significant at the 95% confidence level 
and all the independent variables have a negative sign of 
coefficient like the models of other districts.  In terms of 
goodness-of-fit, 41% of developed cells and 93.47% of 
undeveloped cells are correctly classified.  Overall, 87.48% 
of cells are correctly classified. 
The results of simulation of future urban growth
The probability map for each district
Based on the results of the regression model, urban 
growth probability maps for each district can be created to 
simulate future development.  The maps show the probability 
both within each district and within neighborhoods to be 
simulated.  The paper assumes that future development 
in Songpa district will occur only in three neighborhoods 
that lie within the Songpa new town area: Geoyeo-dong, 
Jangji-dong, and Bukjung-dong.  Similarly, the paper 
also considers only two neighborhoods in Eunpyung 
district including Jinkwannae-dong and Jinkwanoe-dong 
as simulated areas for future development.  The reason to 















Table 1:  Composition of newly-developed areas (unit: m2).
Land Use Type Songpa District Eunpyung District Bundang District
Open Space 1,462,200 (36.6%) 1,420,300 (35.5%) 1,301,700 (32.5%)
Agriculture 1,075,200 (26.9%) 1,025,300 (25.6%) 2,291,300 (57.3%)
Woods 919,300 (23.0%) 1,524,300 (38.1%) 336,400 (8.4%)
Meadow 543,300 (13.5%) 30,100 (0.8%) 70,600 (1.8%)
Total 4,000,000 (100%) 4,000,000 (100%) 4,000,000 (100%)
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development.  Finally, in Bundang district, 0.48 mm of 
additional run-off volume is generated by simulated new 
development, causing a 15.56% increase in run-off volume.
Discussion
Assuming that future development follows the past 
development patterns in each administrative district, 
this paper predicts the future development in Songpa 
new town, as well as in two alternative areas, to identify 
how the new development will alter existing land uses. 
In addition, this study tries to examine how the future 
development in different areas will affect run-off volume 
that is directly related to flooding and water quality. 
Although the binomial logistic regression model used in 
this study does not offer extremely accurate predictions, 
shown by the slightly low goodness-of-fit for developed 
cells ranging from 41% to 61%, the model provides 
approximate predictions with available limited dependent 
variables, showing overall goodness-of-fit over 72% and 
negative signs of coefficients as expected.  Moreover, the 
results of simulation to transform undeveloped cells to 
developed cells show that the closer the proximity between 
study areas and existing urban cells and roads, the more 
transition from rural to urban occurs.  At the same time, 
lower elevations and gentler slope indicate a greater 
probability of change as well.
The results of estimation for run-off volume show 
that changes in run-off volume vary according to locations, 
soil types, and land-use types.  The simulated area in 
Bundang district shows the lowest increased rate in run-
off volume compared to pre-development status, likely 
because there are still a lot of undeveloped areas of open 
space, meadow, woods, and agricultural land even after 
new development.  On the other hand, the alternative area 
in Eunpyung district results in the highest increased rate 
in run-off volume compared to Songpa new town.  The 
remarkable gap between Eunpyung district and Songpa 
from the urban growth boundary in 2004 and continue to be 
under additional development pressure.  Finally, simulated 
neighborhoods in the Bundang district are four of 19 
neighborhoods in the district: Yatap-dong, Imae-dong, 
Seohyun-dong, and Pankyo-dong.  These neighborhoods 
were chosen because they are closer to Seoul than other 
neighborhoods in the district.
The future urban growth for each district
Assuming that Songpa new town will be developed 
to accommodate 100,000 residents with a density of 227 
per hectare, the paper changes 40,000 of rural cells into the 
residential land use.  Figures 1, 2 and 3 (page 62) demonstrate 
how the transition in each simulated area occurs. 
Table 1 shows which land use types of undeveloped 
area change into urbanized areas.  In Songpa district, 
36.6% of the newly developed area is open space, followed 
by agricultural land use, woods and meadow.  New 
development in Eunpyung district transforms 1.5 km2 of 
woods and 1.4 km2 of open space into residential land use. 
Unusually, in Bundang district, the change of agricultural 
land use occupies over half of newly developed areas, 
followed by transition of open space (35.5%).
The results of estimation of run-off
Through the SCS weighted curve number method, the 
paper estimates direct run-off volume in each simulated 
area for pre-development and post-development.  Table 
2 shows run-off volume of pre-development and post-
development in simulated areas for storms of 12mm, 
which is a typical heavy rainfall for Seoul.  As a result of 
estimation of run-off volume, new development in Songpa 
district causes 1.34 mm of additional run-off volume for 12 
mm rainfall, which is a 26.02% increase in run-off volume. 
On the other hand, new development in Eunpyung district 
generates 1.14 mm of additional run-off volume for 12 mm 
rainfall, with a 59.73% increase in run-off volume by new 
Table 2:  Run-off volume of simulated areas.
Weighted Curve 
Number Run-off Volume




Pre-development 72.44 5.14 mm
26.02%
Post-development 78.80 6.48 mm
Eunpyung 
District
Pre-development 53.29 1.91 mm
59.73%
Post-development 60.92 3.05 mm
Bundang 
District
Pre-development 61.21 3.10 mm
15.56%
Post-development 64.07 3.58 mm
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district comes from a different composition of soil types 
in the newly developed cells.  In Eunpyung district, 57.5% 
of newly-developed cells are green space under hydrologic 
soil group ‘A’ and only 0.54% of new development cells 
are green space under hydrologic soil group ‘D,’ while 
in Songpa district 36.3% of newly-developed cells are 
green space belonging to soil group ‘A’ and 25.4% of new 
development are undeveloped areas under soil group ‘D.’ 
As undeveloped areas under soil group ‘A’ (high infiltration 
rates) change into urbanized areas that are characterized 
by high curve numbers, it is natural for run-off volume 
to increase.  However, current run-off volume in Songpa 
new town area is very high compared with other simulated 
areas.  The result may come from the existing urbanized 
areas adjacent to Songpa new town.
Conclusion
The purpose of this paper is not to say that Songpa 
new town plan should be withdrawn.  The paper also 
cannot conclude that new development should be built in 
one of the two alternative areas because there are many 
factors to be considered for new development, such as 
demand, infrastructure to accommodate residents, the 
existing transportation system, and the available budget of 
administrative districts, to name a few. 
The real purpose of this paper is to consider the 
environmental effects of new development that can be 
easily ignored.  Through the process of predicting future 
growth, realistic evaluation of environmental effects may be 
conducted even in initial phases of a new development plan. 
In order to make the study more accurate, it is necessary to 
collect more useful data that affects future growth, such 
as amenities not only in newly-developed areas but also 
in surrounding areas, infrastructure data, public facilities, 
and consumers’ preferences.  Since this paper uses remote 
sensing images of 1990 and 2000, Eunpyung new town and 
Pankyo new town, which are under construction, cannot be 
considered seed cells affecting surrounding undeveloped 
cells in identifying the past growth patterns and projecting 
the future growth.  Therefore, simulated future growth 
might occur at developed cells in 2008 and 2009. 
Furthermore, a variety of studies for environmental 
effects are needed to more specifically verify how new 
development affects the natural environment.  In this paper, 
additional studies are necessary to find out how an increase 
in run-off volume affects water quality and flooding in the 
proposed area or the surrounding areas.
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Student Connection
Casey Dillon, UNC-Chapel Hill
Erin Deignan Reis, UNC-Chapel Hill
Dolly Soto, UNC-Chapel Hill
Department of City and Regional Planning 
(DCRP) Roundup
Casey Dillon
If there was one overarching theme from the 2009-
2010 academic year, it was community-based learning. 
Through volunteerism, participation in local planning 
events, and interactions with regional leaders in the field, 
Master’s students gained knowledge and strengthened 
professional skills that will serve them well in building 
sustainable communities. 
Faculty Search
Thomas William Lester will join the DCRP faculty 
in July 2010 as a tenure-track Assistant Professor of 
Economic Development.  Currently, Lester serves 
as the Assistant Chair of the Donald Vial Center for 
Employment in the Green Economy at the University of 
California, Berkeley.  His research interests include the 
“green economy” and the role of labor market institutions 
in fostering equity in urban communities.  He is currently 
working on a study, funded by the California Public 
Utilities Commission, which explores the economic 
restructuring caused by emerging clean-technology 
sector jobs.  Lester was invited to join DCRP through a 
Fall 2009 search process that included student, staff, and 
faculty participation. 
Speaking Events
DCRP was proud to host Tom Murphy as our 2010 
Distinguished Siler Lecturer.  Murphy is the Senior 
Resident Fellow and Klingbeil Family Chair for Urban 
Development at the Urban Land Institute.  He also served 
as the Mayor of Pittsburg from 1994 to 2005, during which 
time he initiated a public-private partnership strategy 
that leveraged more than $4.5 billion for economic 
development.  In his lecture, Murphy highlighted the need 
for and challenges associated with implementing bold 
plans for large-scale urban revitalization.  
The Planners’ Forum Spring Speakers Series brought 
another three events to DCRP.  These interactive talks 
focused on a variety of topics relevant to the planning 
world.  First, David Del Vecchio, President of Solar Seed, 
Inc., and Lyle Estill, President of Piedmont Biofuels, spoke 
about alternative energy in the Triangle Region.  Next, 
Chris Estes, Executive Director of the North Carolina 
Housing Coalition, and Bryant Applegate, President of 
ABA Government Consulting, discussed the challenge of 
choosing locations for affordable housing development 
in the twenty-first century.  Finally, Jeffrey H. Jackson, 
Associate Professor of History at Rhodes College, shared 
Casey Dillon is a master’s degree candidate in City and Regional 
Planning at UNC-Chapel Hill. Originally from the greater 
Seattle area, she is specializing in land use and environmental 
planning and will graduate in 2011.  
Erin Deignan Reis, class of 2011, is a dual-degree student in 
City and Regional Planning and Law at UNC-Chapel Hill.  She 
specializes in land-use planning and this summer is an intern 
at the Southern Environmental Law Center in Chapel Hill, N.C.
Dolly Soto is a master’s degree candidate in City and Regional 
Planning at UNC-Chapel Hill.  Her specialization is land use 
and environmental planning.  After growing up in New York City, 
she is thrilled to finally have a backyard garden.
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excerpts from his recent book on how Parisians endured 
the 1910 flooding of the Seine. 
Diverse Communities Bus Tour
The third annual Diverse Communities Bus Tour 
moved from Durham to Raleigh this year, giving 
21 participants the opportunity to learn more about 
community development challenges in urban settings. 
The trip  included a walking tour of civil rights history, 
led by staff from the Raleigh City Museum; a discussion 
of Hope VI projects and a tour of a public housing 
facility led by the Raleigh Housing Authority; and visits 
to infill affordable housing sites with the City of Raleigh 
Community Development Department, Habitat for 
Humanity, and DHIC, Inc. 
Community Events
DCRP students have been actively engaged with 
the community this year.  During the fall semester, 
students volunteered at a Habitat for Humanity work day 
in Pittsboro, and they also served as hosts for the East 
Durham Home Tour.  During the holiday season, the 
department held a food drive and donated more than $500 
in items to a local food bank.  Seizing an opportunity to 
learn outside the classroom, students enjoyed a special 
behind-the-scenes tour of modernist works at the Ackland 
Art Museum this spring.  And, in the warmer weather, 
students rolled up their sleeves and volunteered with the 
Community Home Trust to help landscape an affordable 
housing development in Chapel Hill. 
Admitting the Class of 2012
DCRP is attracting unprecedented numbers of 
prospective students.  This year, the department received 
338 MCRP applications and 67 Ph.D. applications, 
representing increases of 44% and 16%, respectively, 
from last year. The DCRP community is looking forward 
to welcoming our 2012 class in the fall and hopes that 
these new colleagues will continue the commitment to 
learning both inside and outside the classroom.
Founder of LEED Says Green Building Only Part 
of Climate Change Solution
Erin Deignan Reis
Rob Watson, the founding father of the Leadership in 
Energy and Environmental Design (LEED) Green Building 
Rating System, mentioned surprisingly little about green 
building during his March 19 talk at UNC-Chapel Hill’s 
Kenan-Flagler Business School.  “If you show LEED to 
good designers, they say, ‘That’s good design,’” Watson 
Community Home Trust Work Day.  DCRP graduate students join together with staff from the Community 
Home Trust and neighborhood residents to landscape an affordable housing development in Chapel Hill, N.C.
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said during the panel discussion with Dennis Quaintance, 
owner of the country’s first LEED Platinum hotel, the 
Proximity Hotel in Greensboro.  “But we need to stop 
using the term ‘green building.’  There are good buildings 
and bad buildings.” And buildings – presumably the 
“bad” ones – are the source of 41% of the United States’ 
carbon emissions, Watson said.  By comparison, he said, 
transportation accounts for only 30% of those emissions, 
and industry for 22%. 
But improving the efficiency of buildings is only 
a small part of what we need to do to make human life 
sustainable, according to Watson and Quaintance.  In the 
event, titled “Wanted: A Radical Confidence . . . Why the 
Future is in Our Hands Today,” Watson compared our 
climate change situation to the sinking of the Titanic: “The 
SS Business As Usual has hit the iceberg.  We have started 
processes in motion that we cannot stop.”  He likened those 
who do not believe there is a climate crisis to the Titanic 
passengers who naively allowed half-full lifeboats to leave 
the sinking ship.
The discussion’s moderator, Gordon Merklein, 
Executive Director of Real Estate Development at UNC-
Chapel Hill, asked the panelists what people can do to 
help solve the environmental problems we have created. 
Watson said we need to completely change the way we 
think: “Our survival depends on natural law, not human 
law.  Chemistry, biology, and physics would beat politics, 
economics, and habit in a smackdown any day.”  He pointed 
out that the sun produces 2,000 times more energy than 
we need, yet we still consider coal the most “inexpensive” 
fuel.  He labeled cap-and-trade and other efforts to price 
externalities as mere attempts to avoid facing reality. 
Watson also expressed frustration that he does not know 
what the mechanics of the necessary change would look 
like, saying, “I hope that by talking to each other, we can 
figure that out.”
Despite building the nation’s first LEED Platinum 
hotel, Quaintance was humble about his accomplishments, 
saying that he tells people not to be impressed by the 
Proximity Hotel.  “We’re still going in the wrong direction, 
just more slowly,” he said.  Quaintance added that LEED 
Platinum certification was easy – and cost-effective – to 
accomplish; he and his wife simply considered the effects 
of each of their decisions on the physical and social world. 
His advice for other businesses?  “Invite someone from 
10 generations in the future into the boardroom for every 
decision.”
Will Allen’s “Good Food Revolution”
Dolly Soto
Will Allen, a former collegiate basketball player at 
the University of Miami and an urban agriculture pioneer, 
visited Raleigh in mid-April to kick off two community 
gardens – one at the Longview School and another at 
Alliance Medical Ministry.  With easy-going enthusiasm, 
Allen spoke to a crowd of more than 40 guests in the 
small chapel of Alliance Medical Ministry (the Alliance). 
Allen’s Milwaukee, Wisc.-based organization, Growing 
Power, Inc., has been at the forefront of the local food 
movement for many years, yet he prefers to call it a “good 
food revolution,” noting the involvement of young people 
and people of color. 
Allen founded Growing Power as an entrepreneurial, 
not-for-profit operation in 1993 when he purchased the last 
remaining urban farm in Milwaukee. This 2.5-acre farm 
eventually became the starting point of a million-dollar 
farm operation that produces 20,000 plants and vegetables 
annually.  In addition to farming, Growing Power’s 
activities include providing youth training and employment 
opportunities, teaching immigrants sustainable farming 
techniques, initiating a weekly produce delivery service, 
and working to shape Chicago’s food policy.  In his talk, 
Allen presented 350 slides on topics ranging from the 
organization to composting techniques and urban fish 
farming.  When he purchased the property, it was being 
used for flower cultivation, but the farm now grows food 
as diverse as watermelon and tilapia. 
Even before converting the farm from flowers to 
food, Allen’s focus was on social change.  He transplanted 
his original flower crops to abandoned lots, creating 
“flower explosions” to combat drug dealing and crime. 
To this day, Growing Power focuses on the power of 
“permaculture” – permanent, sustainable agriculture 
that mimics natural ecology – to empower communities. 
Growing Power has worked with at-risk youth, people with 
mobility impairments, and other disadvantaged groups to 
create beautiful spaces in these communities. 
Growing Power currently operates 11 farms, four 
of which are located in Chicago.  The organization is 
constantly finding innovative ways to further its sustainable 
operations, which include growing fish in barrels, heating 
greenhouses during the cold winters, and composting local 
breweries’ waste.  Allen argued that compost is the most 
influential element of Growing Power’s operation: the 
organization collects more than 100,000 pounds of waste 
each week, which it composts and uses to help insulate 
hoop houses against the freezing Minnesota temperatures, 
as well as to assist in garden planting on top of parking lots 
and other paved surfaces.  
Allen’s talk at the Alliance was his second visit to the 
Triangle in the past six months: in late 2009, he spoke to 
a standing-room-only crowd at N.C. State University at 
an event sponsored by the University and the Center for 
Environmental Farming Systems.  Near the end of this 
three-hour talk, Allen unveiled Growing Power’s plans 
to establish a Regional Outreach Training Center in the 
Triangle to provide guidance and training in sustainable 
farming techniques.
Editors’ Note:  In April 2010, Allen was named as one of 
Time magazine’s 100 Most Influential People.
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Urban Design and the Bottom Line: 
Optimizing the Return on Perception
Dennis Jerke, Douglas R. Porter, and Terry J. Lassar
Reviewed by Amanda Campbell
 A glowing stadium shaped like a large blue doughnut 
(Munich’s Allianz Arena) and the “lively layouts and fresh 
designs” of The Grove (Los Angeles’ lifestyle center) are 
but two of the colorful examples highlighted in Urban 
Design and the Bottom Line: Optimizing the Return on 
Perception, by Dennis Jerke and contributing authors 
Douglas R. Porter and Terry J. Lassar.
 The work, recently published by the Urban Land 
Institute, highlights international urban design case 
studies and is accessible to any audience.  Rather than 
serving as a textbook for urban design rules, this book 
paints broad principles using striking photographs and 
descriptive language. The authors use examples of 
success to demonstrate good urban design, backing up 
their claims with data and observed results. While the 
graphics alone would make it an excellent coffee-table 
book, the text contains a surprising amount of detail on 
a wide scope of material drawn from industry experts, 
making it an excellent resource for those unfamiliar with 
urban and environmental design. For practitioners, the 
case studies may inspire and justify future projects. 
 The authors define urban design principles to include 
visual imagery and spatial arrangement, integrating 
planning, architecture, and landscape architecture. 
The book’s main premise is the concept of “return 
on perception,” modeled after economic “returns on 
investment.” Good urban design, the authors argue, is 
an investment that pays off in economic, social, cultural, 
and environmental returns – by improving city image, 
luring shoppers, providing a forum for social interaction, 
encouraging exercise, and increasing property values. 
In fact, good design brings measurable dividends: San 
Antonio’s River Walk brought an estimated $3.5 billion in 
tourism revenues, Chicago’s Millennium Park stimulated 
a 25% increase in nearby property values, and Salt Lake 
City’s TRAX light rail investments prevented the release 
of 260 million pounds of air pollution. 
 Urban Design and the Bottom Line is organized 
around five themes: Architecture, Green Infrastructure, 
Transportation, Water Settings and Implementation. 
Architecture is the most extensive, divided into 
residential, retail, higher education, and civic facilities. 
Green Infrastructure covers habitat as well as recreational 
elements of urban settings. Within the Transportation 
chapter, a focus on transit-oriented development 
emphasizes that the urban area should be accessible 
through multiple means, including bicycle and pedestrian 
routes. There are also sections on improving highway, 
airport, and bridge design.  Water Settings addresses design 
principles, success stories, and restoration examples for 
streams and rivers, ponds, and waterfronts. Finally, the 
Implementation chapter highlights the importance of 
including the aforementioned elements in any cohesive, 
viable development or neighborhood. 
 Throughout the text, the authors emphasize a 
holistic approach to sustainable urban design, drawing 
from best practices in Smart Growth, New Urbanism, 
livable communities, land use-transportation integration, 
green infrastructure, and environmental quality.  The 
authors highlight returns gained through projects’ context 
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sensitivity, economic benefits, and environmental benefits. 
Principles of environmental design are thoroughly 
integrated; one section serves as an environmental science 
primer on the effects of urban form on water quality and 
habitat. 
 There are very few notable flaws in Urban Design and 
the Bottom Line.   The book’s key principles are repeated 
often to direct the flow, but are perhaps over-emphasized. 
Another criticism is that the author asserts one unverified 
claim as fact: that the National Environmental Policy 
Act is the “overarching umbrella” of most environmental 
laws. In reality, the Endangered Species Act, Clean Air 
Act, and Clean Water Act, as well as other federal policies 
and numerous state and local conservation ordinances, 
are each administered separately.1  One tactic that this 
reviewer might suggest would be to include examples 
and pictures, as bases of comparison, of urban designs 
that failed aesthetically, economically, or socially. 
Nonetheless, these comments are outshined by the book’s 
numerous merits mentioned above.  
 Urban Design and the Bottom Line is recommended 
for anyone interested in how urban design can increase 
the value of places.  For those less familiar with these 
concepts, it is a comprehensive introduction to sustainable 
design issues and planning principles in general, with a 
touch of urban design history.  For current practitioners, 
the book bolsters claims that good urban form yields 
more than just financial returns. Notably, it would also 
be an excellent resource for politicians or planning board 
members. Aside from its educational merits, the book is 
worth perusing for the awe-inspiring pictures and exciting 
urban design success stories drawn from the U.S. and 
abroad.
1 NEPA required Environmental Impact Statements and a 
public input process for all federal projects causing significant 
environmental impacts, with the aim of improving decision 
analysis across agencies. Language in the bill expressed the 
intent to implement a holistic federal environmental policy; 
however, NEPA was only applied in practice to proposed 
actions, “not to the broader policies, legislative initiatives, 
or appropriations bills that underlay them” (from Andrews, 
Richard. 2006. Managing the Environment, Managing 
Ourselves: A History of American Environmental Policy, 2nd 
ed. New Haven, Conn.: Yale University Press). 
A Paradise Built in Hell
Rebecca Solnit
Reviewed by Robert Edgecombe
 One plausible feature of paradise is human 
interaction based in genuine altruism, solidarity, and love, 
unconstrained by differences and social barriers.  In A 
Paradise Built in Hell, Rebecca Solnit examines instances 
in which this particular manifestation of paradise has 
emerged, paradoxically and often under-reported, within 
situations that we generally understand to be horrific 
and chaotic.  Throughout the book, she details accounts 
of people responding to disasters through unexpected 
demonstrations of community, mutual aid, resilience, and 
joy. 
 The five disasters primarily framing Solnit’s inquiry 
are the San Francisco earthquake of 1906; the massive 
explosion of the Mont Blanc in Halifax harbor in 1917; 
the Mexico City earthquake of 1985; the September 11, 
2001, terrorist attacks in New York City; and Hurricane 
Katrina in New Orleans in 2005.  Reinforced by a 
wide body of literature from the fields of philosophy, 
sociology, psychology, and history, the author chronicles 
the remarkable ways in which citizens banded together in 
the immediate aftermath of these calamities.   Solnit also 
recalls the frequency with which authorities responded, 
in her view, less honorably (or at least less effectively), 
noting that disasters often provoke “a mixed reaction: 
generosity and solidarity among most of the citizens, and 
hostility from those who feared [the] public and sought to 
control it.” 
 Furthermore, Solnit argues that depictions of disasters 
in both cinema and journalism advance an impression “of 
people so overwhelmed by fear and selfish desire to survive 
that their judgment, their social bonds, even their humanity 
are overwhelmed, and that this can happen almost instantly 
when things go wrong.”  Examples like the movies “Panic 
in the Streets” and “Deep Impact,” along with the media’s 
propagation of appalling exaggerations about post-Katrina 
conditions in the Superdome and convention center, 
largely make this point for her.  The disaster narrative in 
the popular imagination often revolves around an image of 
the public – indeed, of the victims – as flustered, helpless, 
and even predatory.  
 But the actual responses to the disasters in Solnit’s 
study are quite different.  Through dozens of interviews 
with survivors, she reports on the humanity that 
emerges from crises.  In one account, she relays how 
the employees descended the Twin Towers’ stairs with 
remarkable order, stepping aside to allow others to carry 
the injured or disabled out of the building.  In another 
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example, she tells how San Francisco earthquake survivor 
Amelia Houlhouser established the “Mitzpah Café” in a 
tent, and this makeshift kitchen operated for two months 
as a “sanctuary and place of hopeful anticipation.” 
Throughout the London Blitz of 1940, the Underground 
became an improvised public dormitory, filled with “the 
courage, humor, and kindliness of ordinary people,” 
according to one journalist.  And in many more instances 
throughout these and other disasters, people acted not 
with the panicked claws of self-preservation, but as their 
brothers’ and sisters’ keepers.  Indeed, Dorothy Day, who 
was a young girl living in San Francisco when the 1906 
earthquake struck, powerfully recalled that “while the 
crisis lasted, people loved each other.” 
 Day’s reflection points to the real meaning Solnit 
extracts from these stories of communities in disaster. 
She sees these events as deep moments – as occasions in 
which human beings act on our innate senses of altruism, 
resourcefulness, and community that, for a host of societal 
reasons, remain relatively dormant in the day to day.  “The 
promise of paradise,” she writes, “is already within us as a 
default setting.” 
 Solnit is at her best when she synthesizes storytelling 
with stout analytical underpinnings.  Borrowing from the 
philosophy of William James, the psychology of Victor 
Frankl, the disaster sociology of Charles Fritz and Enrico 
Quarantelli, and works by other relevant thinkers, she 
explains that survivors of disasters have always been 
resilient, but the public has yet to consciously recognize 
this. Indeed, one of Solnit’s points is that while her 
observations are not in themselves novel, when packaged 
together they constitute a clarion call for us to reorient our 
understanding of how ordinary people act when the world 
around them is traumatized.  
 The author may underestimate the degree to which 
we are familiar with the types of stories she tells.  One 
of the unmistakable themes in the media’s coverage of 
9/11 was the way in which New Yorkers seemingly came 
together as never before.  Stories of personal kindness 
and of strangers helping strangers, standing together 
as witnesses to horror and instruments of mutual aid, 
were widely reported at the time.  Likewise, hospitality 
and rescue efforts following Hurricane Katrina, though 
obfuscated by sometimes sensational reports of violence 
and chaos, filled the airwaves and newspapers.  We may 
remember these stories as incidental components of these 
defining events, but Solnit has done us the great favor of 
assigning them a lasting, prominent, and hopeful meaning 
in A Paradise Built in Hell. 
 How does this meaning – that people might 
experience a paradise of human interaction amidst 
unimaginable circumstances – inform the field of urban 
planning?  The connection may be tenuous, but it ought to 
remind planners of the great social power of shared space, 
collective experience, and community.  We do not plan 
disasters, but we rightly celebrate the elements of cities 
that nurture interaction and make Solnit’s paradise more 
likely.  We know of many failed utopian experiments, 
but we also know that they represent an abiding search 
for meaning and mutual aid.  Solnit’s charge for us as 
planners is to bring these transcendent – and generally 
fleeting – experiences “into the everyday.”  
 Her prescriptions for doing so are difficult to 
identify, since the type of society she ultimately 
envisions is unclear and perhaps impractical; Solnit cites 
privatization, capitalism, and sometimes work itself as 
impediments to paradise.  But we know that human beings 
seem instinctively drawn to the type of deep interactions 
that disasters, amid their horror, have rendered necessary. 
For all of us, especially planners, this latent love is worth 
remembering, and worth our best efforts to cultivate.
Edible Estates: Attack on the Front Lawn
Fritz Haeg
Reviewed by Megan Wooley
 In light of Americans’ increasing awareness of 
environmental issues, many have started to take a critical 
look at the way in which natural resources are used.  One 
staple of American life which has recently come under 
attack is the front lawn.  In Edible Estates, architect 
and designer Fritz Haeg proclaims the front lawn to be 
a harmful element of the American landscape.  In his 
view, lawns are unproductive consumers of water and 
other resources, requiring harmful practices such as the 
spreading of chemical fertilizers and the use of fuel-
powered lawnmowers and weed-eaters.  As an alternative, 
Haeg suggests ripping out lawns and planting productive 
vegetable gardens in their place.  
 While the text highlights three American families 
that traded in their traditional front yards for “edible 
estates,” this book is not a “how-to” guide, nor does it 
claim to be.  (Haeg refers readers to Rosalind Creasy’s 
The Complete Book of Edible Landscaping for practical 
tips of installing a front-yard garden.)  The objective of 
this book is to compile insights, offered by a variety of 
authors, about the typical front lawn, what it represents, 
and why its function should change.  For planners 
interested in environmental and food security concerns, 
this book is a useful read.  By presenting the theory that 
lawns are detrimental, Edible Estates helps planners to 
analyze practices of American life that may be harmful, 
even if they are widely accepted. 
 Haeg’s suggestion – that Americans should exchange 
their front lawns for their backyards by turning them into 
high-yielding vegetable gardens – is a somewhat radical 
idea that opposes conventional thinking about the use 
of residential outdoor space.  In the author’s opinion, 
replacing ornamental lawns with gardens would be a 
more productive, beautiful, and creative use.  Moreover, 
the front-yard gardens cultivate not only food for families, 
but also social interaction and community among 
neighbors.  All of the homeowners involved in edible 
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front lawn projects stated that their favorite outcome was 
the increased sense of community they felt with their 
neighbors and friends.  
 While Haeg claims that edible estates present a 
“practical food-producing initiative,” these projects may 
not be feasible for all families.  For a dedicated household 
that has the time and energy to tend to a garden on a 
daily basis, an edible estate is a great project.  But for 
many families, the monetary resources that these projects 
require could be overwhelming, with high start-up costs 
associated with renting equipment (such as sod-cutters and 
rototillers), installing irrigation systems, and purchasing 
mulch and compost.  Therefore, edible estates may not 
be ideal for low- or moderate-income families.  Also, 
many people lack sufficient knowledge, time, experience, 
or gumption to feel comfortable with gardening in plain 
view of inquisitive neighbors.  And some neighborhoods’ 
restrictive covenants dictate specific instructions for lawn 
maintenance and do not allow front-yard gardens, thereby 
preventing edible estates from becoming more widely 
prescribed.
 Despite these challenges, planners interested in 
food security and resource conservation could adapt 
Haeg’s ideas into smaller, more feasible projects in their 
municipalities.  For example, if residents are interested 
in growing their own vegetables and connecting with 
their neighbors, but cannot implement front-yard gardens 
due to their neighborhood covenants or because they 
live in rental housing, a community garden might be a 
good alternative.  If homeowners are concerned about the 
negative environmental effects of their lawns, contributor 
Diana Balmori suggests planting mixed grasses and 
flowers that resemble a prairie landscape.  If residents 
are able to withstand their neighbors’ possible skepticism 
about attracting animals or appearing untidy, this might 
be a less expensive, easier-to-maintain lawn alternative. 
 Haeg’s writing often seems confrontational and 
extreme, with snippets such as “an attack on the front 
lawn” and “our dream is to be arrested for planting 
vegetables in a front lawn where it is illegal.”  Such 
abrasive language is not necessary to effectively convey 
his message, and these statements could easily deter a 
novice gardener from pursuing his ideas.  Additionally, 
such language may dissuade planning professionals who 
are interested in implementing Haeg’s suggestions in their 
communities.  
 Overall, Edible Estates is a quick yet thought-
provoking text for planners who want to absorb the salient 
details about the project. While the book is not a must-
read for every planner, it does present ideas that could 
help professionals to creatively rethink their communities’ 
open spaces.  Transportation planners, for instance, might 
encourage neighborhood associations to convert traffic 
medians into gardens, and community development 
planners could promote front yard gardens as a tool for 
increasing social interaction in neighborhoods.  By taking 
Edible Estates a step further and creating ordinances 
that allow for the alterative use of lawns and other open 
areas, planners can play a large role in cultivating a more 
efficient and creative use of space. 
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